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Introduction. 

AUTU0BIT7. 

Authority for Oregon Co-operative work and this report is Act of 
Congress, June 17th, 1902, (32 Stat., 388), commonly known as The 
Reclamation Act, and subsequent, supplementary and amendatory acts, 
on the part of the United States, and an act of the Legislature, Chap- 
ter 87, General Laws of Oegon, 1913, on the part of the State of 
Oregon. 

The Heclamation Act is well known and need not be repeated here. 
The State law authorizing this work is as follows: 

AN ACT 

To provide for detail surveys and investigations of the water resources of the 
State of Oregon, making an appropriation therefor, and providing for co-opera- 
tion with federal agencies engaged in similar work. 

Be it enacted by the People of the State of Oregon: 

Section 1. In order that the natural resources of the State of Oregon in land, 
water and power may foe utilized to the highest advantage of the people, complete 
co-operation between the atate and federal authorities in controlling, investigating 
ajid developing these resources in the interest of the people of the state is essen- 
tial; therefore, the State Engineer is hereby authorized, on behalf of the State of 
Oregon, to enter into such contract or agreement with any federal department or 
bureau having jurisdiction in such matters for the execution of such surveys and 
investigations and the preparation of such plans, specifications and estimates or 
ether data by co-operation between the state and such federal department or 
bnrean as wUl, in the judgment of the State Engineer, approved by the Governor, 
be best suited to accomplish the purposes of this act; provided, that in no case 
sball the proportion of expense to be borne by the State of Oregon exceed the 
proportion to be borne by the other party or parties to such contract or agreement. 

Section 2. As soon as practicable after the completion of such surveys and 
investigations, the State Engineer shall prepare or cause to be prepared a report 
fietting forth the plans, specifications and estimated cost of construction, main- 
tenance, and operation of such projects, together with any other information tend- 
ing to show the feasibility of the same, and may in his discretion have such report 
printed in pamphlet form and distributed to those interested. Copies of all com- 
pleted maps, plans, specifications, estimates and reports secured or prepared in 
connection with any such investigation shall be kept on file in the office of the 
State Engineer at all times, and shall be open for public inspection during business 
hoarg. 

Section 3. The State Engineer, on behalf of the state, is hereby authorized 
and required to withdraw and withhold from appropriation any unappropriated 
water which may be required for projects under investigation or to be investigated 
nnder the provisions of this act. If the project is found to be feasible, he shall 
^ithhold the same from appropriation until the money expended in the investiga- 
tion of such project shall be repaid to the co-operating parties in proportion to the 
amount contributed by each. No permit to appropriate water which may be in 
conflict with any such project under investigation shall be approved by the State 
Engineer, nor shall any assignment of plans and information or any part thereof 
be made except upon consideration and other (Sic) by the State Water Bv)ard after 
^oll hearing of all interested parties. 

Section 4. As the purposes of this act are to secure the most immediate, as well 
as the most beneficial, ultimate use of the available waters for any certain project, 
it is assumed that the State Engineer will, as occasion may require, and he is 
hereby authorized, to grant permits, and arrange the details so that minor portions 
cf the project may be segregated and constructed at any time; provided, however, 
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that the Qegregation and (development of such minor part or parts^ shall not in- 
terfere to. any senona -extent with the handling of or completion of the balance 
of the project. 

STectidvlSL'TTfa^ lOttent <7f this act, as outlined 'in Section 2, is to have on file 
re&^> a&d ajrailable^du.clt U^t^alled surveys and information as will not only permit, 
but that will tend to induce the beneficial use of water by private peraons, irri- 
gation districts, corporations, or possibly by the state or national government. 

Section 6. There is hereby appropriated out of any money in the general fund 
of the state treasury, the sum of $50,000 to carry out the provisions of this act, 
to be expended on vouchers approved by the State Engineer in the same manner 
as the salaries of state officials are paid. This appropriation shall constitute a 
revolving fund in the hands of the State Treasurer for the investigation of <ther 
projects as herein provided, and upon any moneys being returned to the State 
Engineer, they shall be promptly turned over to the State Treasurer and again 
become a part of this fund. 

Sectdon 7. Whereas, it is important that this act shall become effective imme- 
diately in order that water-right withdrawals may be made upon certain stToams 
to be investigated under this act, and to head off complications and controversies 
which would otherwise arise, thus endangering the public peace, health and safety; 
and 

Whereas, it is further necessary that provisions be made for beginning such in- 
vestigations during the early spring in order to have a full working season for 
field work, therefore, an emergency is declared to exist, and this act shall be in 
force and effect from and after its approval by the Governor. 

Piled in the office of the Secretary of State February 21, 1913." 

AaBEEMEirrs. 

AGREEMENT, MAT 5, 1913 

Under authority of these acts an agreement was entered into be- 
tween the United States and the State of Oregon on February 27, 
1913, providing for the manner of carrying on the investigations. This 
agreement was amended by a subsequent agreement under date of 
May 5, 1913, to more fully conform to the requirements of the Fed- 
eral laws. 

Following is the agreement under which the work has been con- 
ducted : 

"This agreement made this fifth day of May, 1913, between the United States 
of America, by Franklin K. Lane, Secretary of the Interior, pursuant to the act of 
June 17, 1902 (32 Stat., 388), and acts amendatory thereof and supplementary 
thereto, and the State of Oregon, by John H. Lewis, State Engineer, subject to the 
approval of the Governor of the State of Oregon, pursuant to the act of the 
Oregon legislature (House Bill No. 73), filed in the office of the Secretary of 

State of Oregon February 21, 1913, wltnesseth: that — 

(1) Whereas, an act of the Legislature of the State of Oregon (House Bill Xo. 
73), approved by the Governor February 21, 1913, provides for the making of 
detail surveys and investigations in co-operation with federal departments or 
bureaus engaged in similar work, and appropriates fifty thousand doUars ($50,000) 
to carry out its provisions, and further provides that the amount of money con* 
tributed by the State on any investigations made pursuant to said act shall not 
exceed the amount contributed by the co-operatdng parties; and 

(2) Whereas, the Secretary of the Interior has allotted the sum of fifty thou- 
ftand dollars ($50,000) to be expended on such work in co-operation with the State 
of Oregon; 

(3) Now, therefore, in consideration of the premises and the mutual covenants 
and agreements herein contained, it is stipulated and agreed between the parties 
hereto as follows: 

(4) That surveys and investigations be made in that portion of the State of 
Oregon known as Central Oregon, and more particularly in the basin of the 
Deschutes River, in order to ascertain the feasibility of irrigation projects therein, 
to outline their limits, character, and cost of their development; also to determine 
the ways and means whereby the public waters, natural lakes, reservoir sites, state 
and public lands, and other resources may be used, reserved, or disposed of in 
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conneeiioii with such irrigation projects to the highest public advantage; also to 
determine what power maj be developed as an incident to the construction of aneh 
irrigation projects and the value and possible uses thereof. 

(5) That prior to or during the prosecutdon of detailed investigations here- 
under, the Secretary of the Interior shall take such action as is authorized bj law, 
and in his judgment and discretion may be deemed advisable, to prevent the at- 
taehment of rights to the public lands which may interfere with the development 
of projects proposed for irrigation, and the State Engineer of Oregon shall like- 
wifle secure such action as is authorized by law to withdraw and withhold from 
appropriation any unappropriated water which may be required for the develop- 
ment of any such project. 

(6) That all surveys and investigations contemplated hereunder shall follow 
a general plan of operations jointly agreed upon by the State Engineer of Oregon 
and the Beclamation Service through its proper officers. 

(7) That on completion of the work aforesaid all field notes, originnl plans, 
and other data acquired or prepared during said investigations shall be filed with 
the United States Beclamation Service, but shall be accessable at all times to the 
State Engineer or his duly authorized representatives upon application, and a 
copy thereof shall be furnished the State Engineer for official record on request. 

(8) That on completion of the work herein contemplated a report shaU be 
promptly made and published, outlining the scope of the investigations made, 
giving detailed statements and estimates of each project investigated, with suitable 
explanatory plans, maps and other documents as exhibits, together with a summary 
of expenses incurred in the investigations, such expenses being segregalved and 
itemized for each project as far as practicable; that such report shall also contain 
specific eonclusions and recommendations as to the future policy considered most 
advisable to be followed by the United States and the State of Oregon n utilis- 
ing, reserving, or disposing of public lands, waters, reservoir and power sites, and 
other natural utilities in conformity with the plan of development indicated by 
this investigation as being to the highest public advantage; that these eoncln- 
sions and recommendations shall be jointly agreed upon by the State Engineer 
and the officer of the Beclamation Service having jurisdiction, or in the event of 
their failure to agree thereon each of them shall submit separate conclusions and 
recommendations, both of which shall be embodied in the report and published; 
that such advance reports shall be prepared and furnished to the State Engineer 
and the Beclamation Service as may be required and agreed upon; that in all 
reports and publications it shall be clearly shown that the United States and the 
State of Oregon are joint contributors to the work, and the names of eo-operating 
officers shall be stated. 

(9) That in carrying out all work hereunder one-half of the expense shall be 
home by the State and one-half by the Beclamation Service, the total expense to 
he incurred by each not to exceed fifty thousand dollars ($50,000); that each 
month a detailed statement of cost, together with report of work accomplished, 
Bhall he made to the Beclamation Service and to the State Engineer, of the total 
expense for the last preceding month, such expenses including all proper costs 
chargeable to the field office and administrative work of the investigation. Such 
statement shall also give the proportion of expense that has been borne by both 
the Beclamation Service and the State, and from time to time during the progress 
of the work necessary adjustment shall be made in the expenditures on salaries 
and other expenses by the Beclamation Service and by the State as will equalize 
the aggregate expenditure by each party, so that at the conclusion of the work the 
proportion of the expense borne by each shall be equal. 

(10) That all employes engaged in this investigation paid by the Beclamation 
Service shall be subject to the established rules and regulations of the United 
States Civil Service Commission governing such employes; that all employes paid 
by the State shall be subject to such rules and regulations as the State may provide 
in such cases; Provided, that all employes paid by the State shall be subject also 
to such rules and regulations as the Beclamation Service may establish for the 
conduct of these investigations, and that in the selection of employes preference 
will be given to residents of the State, other considerations being equal. 

(11) No member of or Delegate to Congress, or Besident Commissioner, after 
his election or appointment, or either after or before he has qualified and during 
his continuance in office, shall be admitted to any share or part of this contract or 
agreement, or to any benefit to arise thereupon. Nothing, however, herein con- 
tained shall be construed to extend to any incorporated company, where such con- 
tract or agreement is made for the general benefit of such incorporation or com- 
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pany, as provided in Section 116 of the act of congress approved March 4, 1909^ 
(3o Stat., 1109). 

(12) This contract shall take the place of and be substituted for that certain 
contract on the same subject-matter entered into under date of February 27, 1913, 
dul^ executed by Walter L. Fisher, Secretary of the Interior, on behalf of the 
United States of America, by John H. Lewis, State Engineer of the State of 
Oregon, on behalf of said State, and approved by Oswald West, Governor of the 
State of Oregon; ProTrided, that any contracts or obligations entered into by the 
contracting parties, or either thereof, under and by virtue of said contdract for 
which this contract is a substitute, and not inconsistent with or contrary to the 
terms of this contract, shall be in all respects valid and binding the same as if 
entered into after the execution of this contract. 

In witness whereof, this instrument has been executed by the parties hereto 
the day and year first above written. 

(Signed) FBANKLIN K. LANE, 
Secretary of the Interior, for and on behalf of the United States of America. 

(Signed) JOHN H. LEWIS, 

State Engineer, for and on behalf of the State of Oregon. 

Approved May 5, 1913. 

By (Signed) OSWALD WEST, 
Governor of the State of Oregon." 

SUPPLEMENTARY AGBEEMENT 

As required in paragraph 6, of the Agreement of May 5, 1913, a 
supplementary agreement as to surveys and investigations for the sea- 
eon of 1913 was entered into as follows: 

'^ Memorandum of Agreement reached by the State Engineer of Oregon and 
officials of the Reclamation Service in the matter of co-operative work by the 
United States and the State of Oregon in investigations in Central Oregon 
under agreement between the Secretary of the Interior and the State Engineer 
of Oregon, dated May 5, 1913: 

It has been mutually agreed by the officers subscribing hereto to limit opera- 
tions under the co-operative contract as follows: 

a. To concentrate attention on the large reservoir proposed for construction 
on the Deschutes River a few miles south of Bend. 

b. To make detailed surveys of the dam site a few miles south of Bend. 

c. To make diamond drill borings and explorations by test pits, shafts and 
c-uch other methods as may be desirable in order to determine the feasibility 
of dam construction at the dam site a few miles south of Bend. 

d. To prosecute surveys of such main canal lines as may be necessary to 
utilize waters conserved in the above reservoir on irrigable lands lying on both 
Bides of the Deschutes Biver. 

e. To make detailed surveys, borings and other investigations at the dam 
site on the Crooked River (a branch of the Deschutes River). 

f. Concurrently with the above work in Deschutes Basin, to make such pre- 
liminary examinations in the John Day, Malheur, Silvies, Elamath and other 
basins in Central Oregon as will determine the advisability of undertaking de- 
tailed surveys, similar to those now proposed for the Deschutes Basin. 

The gross expenditures estimated in connection with the above work are 
$30,000. 

It is contemplated to hold further conferences as the scope of these investi- 
gations requires enlargement or extension from time to time. 

Executed at Portland, Oregon, this 8th day of July, 1913. 

(Signed) JOHN H. LEWIS, 

State Engineer of Oregon. 

(Signed) E. G. HOPSON, 
Supervising Engineer, U. S. E. S." 
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EXTENT OF OO-OPEBATIVE WOBK OONDUOTED BY THE T7KITED 

STATES AND THE STATE OF OBEOON. 

For many years numerous state governments have co-operated with 
the United States in the making of topographic and hydrographie sur- 
veys. 

Daring the past nine years the State of Oregon through the State 
Engineer's Office has co-operated with the United States Geological 
Survey in the making of topographic surveys and in the conducting of 
hydrographie work, and quite recently in the making of river surveys 
to determine the water power possibilities of some of the most impor- 
tant streams of the State. During the past two years the State Bu- 
reau of Mines has conducted geologic investigations in conjunction 
with the United States Geological Survey. 

The State through its Agricultural College has co-operated with the 
United States Department of Agriculture in conducting farm experi- 
ments and in measuring the volume of water used in irrigation sys- 
tems. At the present time, work is being carried on by the War De- 
partment, in conjunction with the State of Oregon and the Port of 
Portland, to improve the navigability of Willamette and Columbia 
Rivers. 

A water power survey of Deschutes River by the United States 
Geological Survey, W. S. Paper 344, in co-operation with the State of 
Oregon in 1912, doubtless influenced the State Legislature and the 
Federal authorities to initiate the present co-operative work, since this 
survey disclosed reservoir capacity sufficient to store the entire excess 
run-off of Deschutes River at Benham Palls, over and above that 
available and now largely appropriated for use during the irrigating 
season. 

OBOAJOZATIOK FOB OONDUOTINa SUBVET8 AND INVESTIOATIONa 

An engineering force was engaged shortly after the approval of the 
agreement of February, 1913, between the United States and Oregon, 
and offices in the Central building at Portland, Oregon, were secured. 

Field surveys and office studies on which this report is based have 
been made by State and Federal engineers, acting under the personal 
direction of John T. Whistler, with general supervision by E. G. Hop- 
son, pursuant to the general plan specified in the supplementary 
agreement between State Engineer John II. Lewis and E. G. Hopson, 
Supervising Engineer, United States Reclamation Service. 

This report has been written by John T. Whistler in conference with' 
E. G. Hopson and John H. Lewis, and is subscribed to by these three 
parties on behalf of the co-operatin<]: State and Federal authorities. 
Attention is, however, directed to the fact that the subscription to this 
report by these individuals does not commit other officials of the State 
or Government to the conclusions reached herein. 



ployed as field aasistants ; later P. C. Dillard, formerly of the Recla- 
mation Service in Oregon, was employed as field assistant. All of the 
above have been in charge of survey parties. Harty Caden, Clerk and 
Fiscal Agent, of the Reclamation Service, was transferred from the 
Klamath project as chief clerk and fiscal agent for this work. James 
DopsoD, formerly of the Reclamation Service, has made the necessary 
diamond drill and other borings at the various dam sites. 

A report on the North Canal Unit of the Central Oregon Irrigation 
Company's Carey Act segregation was prepared by Joseph Jacobs, 
Consulting Engineer, in conjunction with State Engineer John H. 
Lewis and Supervising Engineer E. G. Hopson. The North Canal 
report was issued as an advance section of this report, being desig- 
nated Bulletin No. 1. 

A report upon a proposed extension of the State Tumalo Project, 
prepared by O. Laurgaard, Project Engineer for the Tumalo Project, 
was embodied in an advance section of this report, designated as 
Bulletin No. 2. 

C. M. Redfield, Chief Engineer of the Central Oregon Irrigation 
Co., was also employed in consultation, with special reference to unit 
costs and irrigation problems in that locality. 

The soils survey was made by W. L. Powers, Assistant Professor of 
rigation and Drainage, Oregon Agricultural College. 

DESCHUTES BASIN— aEHEBAZ. DESOBIPTION. 
ie Deschutes drainage basin and its relation to other drainage 
* is shown on Sheet No. 115. It extends from Columbia River on 
irth, with an elevation of a little less than 150 feet above sea 
the Walker Range on the southwest at an elevation of over 
et, and to the Blue Mountains on the southeast at about the 
ation. East of the Walker Range on the south, the actual 
ween the Deschutes Basin and the Great Basin of the inter- 
uncertain. The boundary line as shown is probably the 
lit of any run-off within recent times. 

->vci- nni-th nf Rfnii anil pT>niiIrci^ PIvo). Ifc loTnocI ti.;VilI. 
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Now there are branches of both the Hill and Harriman systems 
which parallel the lower river and extend to Metolius, from which 
point a joint line is operated as far south as Bend. 

With the exception therefore of the extreme southern and south- 
eastern parts of the basin, transportation facilities, for so compara- 
tively undeveloped a region, are hardly excelled anywhere. 

Much grain has been grown in recent years on Agency Plains and 
in what is known as the Haystack country north of Haystack Butte 
to Willow Creek. Little or none of this region is more than six or 
seven miles from the railroads, and markets for produce of these lands 
will therefore be especially accessible. 

Lumber, mining and fishing interests of Oregon and Washington, 
and the Alaska trade, as at present developed, would, no doubt, con- 
tinue to offer a good market for all the produce that can be grown 
in the territory tributary to Columbia River and Puget Sound. The 
Panama Canal, however, will certainly extend that market, for the 
reason that these same lumber, mining and fishing interests of the 
Northwest, will be better able to compete with other sections, and this 
will in turn, undoubtedly result in an increase in the population and 
wealth of this territory, upon which the market in question depends. 

IBBIOATIOK FBOJZSCTS IK DESCnOUTES BA8IK COMPLETED OR UMDEB 

OONBTBVOnOK. 

On the east side of Deschutes River and south of Crooked River, 
the Central Oregon Irrigation Company, successors to Deschutes Irri- 
gation and Power Company, have constructed main canals and have 
generally completed the distribution system for two units of their 
projects, known as the Central Oregon unit and Pilot Butte unit, re- 
spectively. The Central Oregon unit extends over an area of approxi- 
mately 45,000 acres, and the Pilot Butte unit over approximately 20,- 
000 acres of irrigable land. The diversion for the Central Oregon 
canal takes out from Deschutes River approximately three miles 
south of the town of Bend. Until within the past year, the Pilot 
Butte canal has been served from the Central Oregon canal. It is now 
being served by the uncompleted North canal which will be referred 
to subsequently in this report. 

The Arnold Ditch diverts from Deschutes River at the head of 
Lava Island Palls, approximately three miles south of the Central 
Oregon canal diversion. The area which will ultimately be served by 
the Arnold Ditch is uncertain. The present area irrigated is said 
to be possibly 2,500 acres. 

The Deschutes Reclamation and Irrigation Co. canal (The Swalley 
Ditch), originally diverted from Deschutes River about one-half 
mile below the town of Bend, but now diverts at the north canal dam 
of the Central Oregon Irrigation Company. The area which this ditch 
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will ultimately serve is also uncertain, but has been estimated to bt 
from 5,000 to 10,000 acres. 

At Cline Falls a direet connected pumping plant has been in opera- 
tion for a number of years, pumping water from Deschutes River to 
a few hundred acres on the low bench adjoining. Recently this pump- 
ing plant has been taken over by an electric power company and 
operated in conjunction with a plant on Crooked River near its mouth. 

The DesChutes Land Company project, sometimes referred to as the 
Morson I^roject, proposes to irrigate lands east and south of the town 
of Lapine, storage for the project being proposed at Crescent Lake. 
The project is organized through a contract with the state under the 
Carey Act, and approximately 30,000 acres of public land is covered 
by the contract. 

The State has under construction, the Tumalo Project, covering ap- 
proximately 22,500 acres. This project was originally initiated under 
the Carey Act as the Columbia Southern L*rigation Project, and has 
been known by several different names. The lands to be irrigated lie 
on the west side of Deschutes River, about the town of Laidlaw. 
Water is taken from Tumalo Creek, the natural flow of which is in- 
sufficient for summer irrigation. Storage is provided in a natural 
basin originally known as Wimer Plat, supplied by a feed canal di- 
verting water from Tumalo Creek about 3 miles above its mouth. 

Squaw Creek irrigation project diverts water from Squaw Creek 
near the town of Sisters. The area which it will ultimately serve is 
uncertain. 

There are a number of minor irrigation projects along Lower Des- 
chutes River and its tributaries, but as none of them can in any way 
affect the Deschutes Project herein considered, and as altogether they 
cover a relatively small area, they will not be referred to here in 
detail. 

OTHEB IBRIOATIOK PROJEOT8 IN DEB0HUTE8 BASIN— HEBETOFOBE 

PBOPOBED. 

The Oregon Land Corporation has proposed to store water in Odell 
Lake and Big Marsh within the Deschutes drainage basin, and Fish 
Lake in the Klamath Basin, to serve a portion of the Central Oregon 
Military Road Grant, lying on both sides of the divide between the 
Deschutes and the Klamath drainage basins. The soil of this locality 
is eomposed largely of pumiceous sand and it is believed the greater 
portion of any water so used on the Deschutes side of the divide will 
ultimately return to the river. 

A small project has been developed to use the Paulina Lakes as 
storage reservoirs. A five-foot dam at the outlet of these lakes ap- 
pears to control all drainage into the basin. 

The Central Oregon Irrigation Company is under contract with the 
State of Oregon to construct a storage and canal system for what has 
generally been referred to as the Benham Palls Segregation, lying 
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Sixth: The development of power during the irrigating period, at 
Benham Falls, Dillon Falls, and Lava Island Palls immediately below, 
with accumulated storage water from the Benham Falls reservoir, 
augmented by the normal seasonal flow, turned into the river and 
available at these points. The utilization of such power will necessi- 
tate the development of industries requiring power during the irrigat- 
ing season only, such as the pumping of water for irrigation. 

Investigations upon Crooked River were not taken up until sub- 
sequent to the preparation of this report, for the reason that the 
stream flow data available at that time did not indicate sufficient 
unappropriated run-off to irrigate the Haystack and Agency Plains 
lands. Stream gaugings maintained by the Co-operative Work on 
Crooked River for the year 1913, however, indicate that the earlier 
records of discharge were low and that so far as the water supply is 
concerned, a project to irrigate the Haystack and Agency Plains coun- 
try from Crooked River in conjunction with lands in vicinity of 
Prinevilie, may be feasible, and this feature will therefore be dis- 
cussed in a subsequent report on Crooked River investigations. 

CrENERAL CONDITIONS AFFECTING THE PRO.TECT AND MISCEL- 
LANEOUS Data Available. 

aEOLOOT. 

A preliminary report on the ** Geology and Water Resources of 
Central Oregon" by Israel C. Russell, United States Geological Sur- 
vey, 1905, Bulletin No. 252, from a reconnaissance made in the sum- 
mer of 1903, gives valuable and extremely interesting information in 
connection with this project. It is practically the only official report 
of any kind on the geology of this region. Other publications having 
a bearing on the geology are ; 

U. S. 6. S. Bulletin No. 33, ** Notes on Geology of Northern Cali- 
fornia '^ by J. S. Diller, 1886. U. S. G. S. Bulletin No. 40, ** Changes 
in River Courses in Washington Territory due to Glaciation," by 
Bailey Willis, 1887. U. S. G. S. Bulletin No. 108, *'A Geological 
Reconnaissance in Central Washington," by I. C. Russell, 1893. U. S. 
G. S. Bulletin No. 199, ** Geology and Water Resources of the Snake 
River Plains of Idaho,'' by L C. Russell, 1902. Prof. Paper 3, "Geol- 
ogy and Petrography of Crater Lake National Park," by J. S. Dil- 
ler and H. B. Patton, 1902. Water Supply Paper 78, ** Preliminary 
Report on Artesian Basins in Southwestern Idaho and Southeastern 
Oregon," by I. C. Russell, 1903. Water Supply Paper 118, ** Geology 
and Water Resources of East Central Washington," by F. C. Calkins, 
1905. '* Geology of the John Day Basin," by J. C. Merriam, Bulletin, 
University of California, 1901. 

The Deschutes Basin lies within the boundaries of a region which is 
believed to contain the most extensive lava beds in the world. These 
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beds cover the northern portions of California and Nevada, Central 
Oregon, Western Washington and Southern Idaho, and the area along 
the headwaters of the Columbia River into British Columbia. 

It is estimated that the area of these lava flows is in the neighbor- 
hood of 250,000 square miles and that not less than 150,000 cubic 
miles of rock have been erupted and spread out on the earth's sur- 
face. The flows range in age from the earlier portion of the Tertiary 
period down to recent time. 

For the benefit of those to whom the report by Russell is not avail- 
able, the following condensed statement of the geology of this region 
will be of interest : 

Quoting from Russell : 

'*The Valley of the Deschutes, before it was filled so as to produce 
the broad, generally level surface which is at present its most con- 
spicuous feature, was from 20 to 30 miles wide in the portion west of 
the Paulina Mountains and Powell Butte, but perhaps had a less width 
farther north. This large valley, as may be judged from the character 
of the portions of its bordering slopes now exposed to view, was pro- 
duced largely by erosion and was at least 800 feet deeper in its cen- 
tral part than the widely extended sheet of basalt forming the sur- 
face of the present plain. The material which partly fills the old val- 
ley consists largely of water-laid volcanic dust and lapilli, of which 
sections 700 feet deep are exposed along the lower portion of the can- 
yon of Crooked River and in the adjacent portion of that of Deschutes 
River. The total depth of this deposit, however, is as yet unknown, as 
its bottom is not exposed. After the volcanic dust and lapilli, to- 
gether with minor quantities of sand and clay, was deposited, a. sheet 
of basaltic lava, in general about 80 feet thick, was spread out. Possi- 
bly two or more sheets of lava were formed at about the same time 
which are so similar that their recognition is difficult, and they ap- 
pear to represent but a single outpouring. 

After a lava covering was given to the deep deposit of current- 
bedded volcanic dust, lapilli, sand, etc., Deschutes River and its tribu- 
tary, Crooked River, displaced from their former courses, flowed across 
the plain and excavated canyons, which for many miles near their 
junction were at least 800 feet deep and in general about a mile wide. 
The nameless stream which flowed northwest from the Great Sandy 
Desert (See pg. 76), also cut deeply into the lava plain and its under- 
lying deposits of loose material, and joined the Deschutes about 14 
miles south of the locality where Crooked River now comes in. Fol- 
lowing the period of erosion, during which not only the main streams 
of the region, but also their tributaries, cut deep canyons, came an- 
other considerable discharge of basaltic lava, which entered the can- 
yons in the region where Deschutes and Crooked rivers now mingle 
their waters and filled them to a depth of at least 500 feet. Later 
still, Deschutes and Crooked rivers re-excavated their canyons in the 
hard, resistant basalt to a depth of over 500 feet, without, so far as 
known, reaching its bottom. There are thus at least five important 
episodes in the history of the Deschutes plain that are clearly legible 
in its present topography.'' 
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Glacial action was common over a considerable portion of at least 
the eastern slopes of the Cascades during the glacial period and there 
is some evidence that it extends as far east as the town of Sisters in 
that locality. Suttle and Blue Lakes, northwest of Sisters, Crescent 
and Odell Lakes at the head waters of West Fork of Deschutes River, 
and Fish Lake within the Klamath Basin, were clearly formed from 
glacial moraines deposited at the foot of glaciers. According to Rus- 
sell, results of glacial action are apparent in the vicinity of Paulina 
Lakes. 

It is certain that at some comparatively recent time in the past, 
rainfall in this region has far exceeded that of the present. There 
are numbers of canyons, many of them several hundred feet deep, 
which now rarely show more than a trickling stream of water, even 
in the early spring months at the time of melting snows. 

The Dry River Bed, shown on Sheet No. 71, is distinctly traceable 
from its present junction with Crooked River for 50 miles south. It 
is in places a canyon from 300 to 500 feet deep with almost vertical 
walls. This drainage depression is now dry, both at and below the 
surface as shown by the fact that at one point 18 miles southeast of 
Bend an open well which was put down 100 feet in the gravel bottom 
encountered no ground water. 

Squaw Creek Canyon, from near the town of Sisters to its junction 
with Deschutes River, is a deep, rugged canyon out of all propor- 
tion to the insignificant stream which now occupies it. South of 
Squaw Creek Canyon is Dry Canyon, almost as large as Squaw Creek 
Canyon, with no water in it. It seems probable that these deeply 
eroded canyons were formed during, or immediately subsequent to the 
glacial period referred to. 

Numerous small glaciers still exist in the vicinity of the Three Sis- 
ters, Broken Top, Bachelor Peak, Diamond Peak, and Mt. Jefferson. 
The lava flows are both acid and basaltic, the acid lavas being gener- 
ally classed by Russell as either andesitic or rhyolitic. 

Mingled with the many lava flows are beds of tuff often 50 to 100 
feet or more in thickness, formed from volcanic ash and sand thrown 
out and subsequently solidified or indurated under pressure. Russell 
describes Powell Butte as **a hard, resistant rhyolitic tuff, with per- 
haps some quartzite,'' and says that it is **a remnant of an ancient 
upland which was deeply eroded before the coming to the surface of 
the extensive basaltic flows which now form the floor over an ex- 
tensive portion of the valley of the Deschutes." 

Pilot Butte is described as **an ancient volcanic cone composed of 
basalt, containing conspicuous crystals of hypersthene." 

Black Butte is described as very similar to Pilot Butte in its com- 
position. The ** summit craigs of compact porphyritic rock are evi- 
dently the upper portion of a plug or core of lava that cooled slowly 
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and hardened in the conduit of the volcanic pile and was subsequently 
exposed by erosion.'' 

Lava Butte is described as '* composed mainly of a coarse angular 
basaltic lapilli." It contains a crater about 150 feet deep. 

The lava beds adjacent were formed by lava which escaped through 
the base of the Butte on its south side. **The age of this lava flow 
relative to other volcanic eruptions in the same region is recorded in 
part by the presence on the country about it, but not on its surface, 
of pumiceous lapilli or sand which cover the slopes of Mt. Newberry, 
and the moraines that form the dam across the outlet of its amphi- 
theater." 

*'Lava Butte and its associated sheet of basalt, like the obsidian 
lavas in the amphitheater of Mount Newberry, is thus shown to have 
come into existence since the glacial epoch." 

**The presence of pines on Lava Butte, and the occurrence of both 
living and dead trees on the lava flow that escaped from it, furnish 
evidence that the activity of the volcano ceased at least a hundred and 
probably more than a hundred and fifty years ago." 

What Russell refers to as double canyons are strikingly visible 
about the junction of Crooked River with Deschutes River. The 
history recorded by this evidence is thus described by Russell : 

** After the broad, ancient valley of the Deschutes had been filled to 
a depth in excess of 700 feet with loose stream-deposited debris, con- 
sisting mostly of black volcanic sand and gravel, and this material 
covered by the widely extended sheet of basalt now forming the sur- 
face of the major portion of the Deschutes plain, the rivers displaced 
from their former courses flowed across the young lava plain and 
excavated canyons in it, which, in the case of Deschutes and Crooked 
rivers, are a mile wide and over 800 feet deep. Next came a flow 
of molten basaltic rock, which entered the canyons and filled them to 
a depth of over 550 feet for many miles. Subsequently the same 
streams, again displaced but still confined to their former but deeply 
filled canyons, resumed their work of erosion and cut, in solid basalt, 
the inner canyon described above. In the portion of the canyon ex- 
amined the task of cutting through this layer is as yet incomplete 
and the rivers flow swiftly over solid, compact basalt. 

'*This is one of the most remarkable instances known of a river 
struggling, as it were, to maintain its right of way against the opposi- 
tion offered by stupendous showers or downpourings of volcanic dust 
and lapilli and by vast outflows of lava which hardened into dense, 
resistant rock. The time occupied in the excavation of the outer can- 
yons was probably not great, as the material in which these were ex- 
cavated, with the exception of the covering sheet, was loose and in- 
'oherent, but the inner canyons, in places, and for distances in several 
instances of at least 2 or 3 miles, were cut in hard, compact basalt, 
and their erosion to a depth of 550 feet must have required many 
thousands of years." 

The irriga'ble lands on the west side of Deschutes River in the 
viebity of the Tumalo Project and as far north as Squaw Creek ap- 
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pear to be somewhat similar to the gravels found in the Deschutes 
and Crooked River canyons near their junction. It is possible, how- 
ever, that they are more properly the result of glacial action from the 
extensive glaciers that must have existed about Three Sisters. 

Russell describes the Haystack and Agency Plains country as ''an 
underlying plain covered with a fine, rich soil • • • The soil is 
fine in texture and evidently owes its origin principally to deposition 
of wind-blown dust. • * • On the east, the Haystack country is 
bordered by uplands having a mature topography, such as hills long 
exposed to the denuding agencies of the air and of rain and streams 
commonly present. These uplands were a part of the eastern border 
of Deschutes Valley before it became deeply filled with volcanic dust, 
sand, gravel, etc., and flooded with lava. Its rocks are composed, &o 
far as known, and judging from topographic forms seen at a dis- 
tance, probably to a great extent of compact tuffs, in beds which dip 
westward and pass beneath the Deschutes plains. The hills when seen 
in profile from the south, present long slopes on the western sides and 
steep, rocky escarpments facing east." 

The sheet of pumiceous sand, or ''lapilli," as Russell describes it, 
which is found over such a large part of this region, extends over an 
area of about 14,000 square miles. The depth varies from place to 
place. It generally has been classified as andesite. About Crater 
Lake the deposit, as described by J. S. Diller, is principally dacite 
with less degrees of andesite. 

Russell himself says that his observations indicate that the sheet of 
pumice is tolerably uniform in character and composed principally of 
andesite. The source of this pumiceous sheet is uncertain. 

Russell says: 

^*As to the location of the volcano from which the pumice was 
blown into the air and widely distributed, for the most part only 
tentative suggestion can at present be offered. In part it came 
from the recent volcanoes, five in number, situated in the old 
erosion amphitheater of Mount Newberry. This conclusion is based 
on the fact that the crater rims of these volcanoes are largely com- 
posed of andesitic pumice, and large fragments of the same nature are 
abundant all about the region where they occur. This was probably 
not the only center of dispersion, however, as the fragments of pumice 
are still larger and more abundant in the region draining to the 
Klamath marshes, and, as stated by Diller, were supplied at least in 
part by eruptions in the great depression now occupied by CrateiJ 
Lake. 

In reference to the date of the explosive volcanic eruptions that 
supplied such vast quantities of pumice, the fact that this material 
forms a large percentage of the glacial moraines on Mount Newberry, 
the Three Sisters peaks, and about Odell and Crescent lakes, shows 
that the eruption occurred previous to or during the glacial epoch. 
The moraines about Mount Newberry, and near the lakes just men- 
tioned, are covered with pumice, showing that at least in part, the 



QENBRAL CONDITIONS 25 

eruptions which furnished it were of later date than the glaciers 
"Which deposited the moraines. This last conclusion is sustained, also, 
oy the fact that the recent lapilli craters in the old erosion amphithea- 
ter of Mount Newberry and the lava flows given out by them are 
clearly subsequent to the time when that depression was filled with 
giacial ice. According to Diller, the eruptions of pumice about Crater 
Lake occurred during and after the time the region about it was oc- 
ciipied by glaciers." 

OI1IMA.TE. 

The following records of temperature and precipitation in the Upper 
Deschutes Basin, for 1913, are from the United States Weather Bureau 

records, supplemented by data furnished by the Oregon Agricultural 
College. 
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Prom these records it will be noted that in the region south of Cline 
Falls and Crooked River there is a minimum temperature of 32** or 
lower during every month in the year. The records do not show the 
departures from the mean minimum temperatures for each month, but 
it is a well recognized fact that frosts are to be expected in this 
region during each month of the year. It is generally claimed that 
such frosts are not serious and that the resulting damage is slight. It 
is apparently true that in the arid regions the effect of a slight frost 
is not so serious as in the more humid regions. It also is probably 
true, as claimed, that cultivation of the soil tends to raise the mini- 
mum temperatures during the growing season. Nevertheless, killing 
frosts must be expected as late as the month of June and as early as 
the forepart of September, while there will be occasional frosts during 
the months of July and August. 

It appears from the records that the precipitation at Laidlaw and 
Powell Buttes during the growing season, is more than twice the mean 
of the other stations in the Upper Deschutes Basin, Bend being the 
next in amount, with the other stations gradually decreasing toward 
the north until at Agency Plains, the precipitation during the grow- 
ing season, totalling little more than an inch, is but a quarter of that 
for Laidlaw and Powell Buttes. The mean difference may not ac- 
tually be so large, though it is common knowledge that the region 
south of Laidlaw and Powell Buttes has much more precipitation than 
to the north, at the former place because nearer the mountains and at 
the latter probably in part because of the buttes themselves. 

WATEB, KBS0UB0E8— StntFAOB. 

The flow of Deschutes River is one of the most uniform of all the 
streams in the United States, not only from month to month, but also 
from year to year. The normal minimum flow during the irrigating 
season is between 1,500 and 1,600 second feet at Bend. The extreme 
minimum is usually in mid-winter, when it occasionally drops, for a 
few days only, to from 1,100 to 1,200 second feet. The minimum 
discharge of 1,000 second feet, for the period since 1905, occurred on 
January 4, 1912, while the maximum discharge for the same period 
was 4,760 second feet and occurred in the latter part of November, 
1909. 

The following tabulation of maximum, minimum and mean dis- 
charge at Benham Falls, together with total run-off in acre-feet, for 
seasonal years 1904-5 to 1913-14, inclusive, is from the Deschutes 
power report. Water Supply Paper 344, issued by the United States 
Geological Survey and State of Oregon in 1914, and subsequent co- 
operative records : 
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ANNUAL DISCHABQE OP DESCHUTES BIVEB AT BENHAM FALLS. 

L' '.;••'.•, ••' • -. ." • . . Aimnftl 

Diach&rge in second feet — Bnn-off 

Tear. Mnximnm. Minimnm. Mean. *Aereft. 

1904-5 2,700 1,490 1^50 tM10,000 

1905-6 1,920 1,080 1,520 1,100,000 

3906-7 4,000 1,160 1,840 1,840,000 

1907-8 2,500 1,280 1,740 1,260,000 

1908-9 2,280 1,170 1,620 1,170,000 

1909-10 4,76a 1,330 1,760 1,270,000 

1910-11 1,780 1,180 1,490 1,080,000 

1911-12 2,260 1,000 1,590 * 1,160,000 

1912-13 2,130 1,800 1,670 1,210,000 

1913-14 1,900 1,260 1,520 1,100,000 

Mean for the period — 
1904-14 4,760 1,000 1,670 1,210,000 

The largest yariation in annual nm-off from the mean of ten years 
is —11.0% for the year 1910-11, and +16.5 % for the year 1904-5. 

The regularity of flow of Deschutes River is due to two causes, the 
first and principal one being the unique conditions of underground 
storage in the drainage area, and the other being the large surface 
storage of water in the great snow fields and glaciers of the Cas- 
cade Range. 

In both eases a large portion of the heavy winter and spring pre- 
cipitation is temporarily withheld from the river, being gradually re- 
leased from storage during a period extending over the season of the 
year when, under other conditions, surface stream-flow would be very 
mach reduced or have entirely ceased. 

The drainage area of the Deschutes possesses remarkable charac- 
teristics, as noted in the chapter on geology, these, however, being 
very simQar to those of the basins of Pit River, (the main feeder of 
Sacramento River) and Klamath River. The Deschutes, the Klamath 
and the Pit all drain different slopes of the vast volcanic formation, 
constituting a large portion of the area within Southern and Central 
Oregon and Northern California. The Pit carries drainage from the 
southern and southeastern slopes, the Klamath drains the central and 
eastern section of the area, and the Deschutes the northerly slopes. 

Large portions of this territory are honeycombed and cavernous in 
structure, these conditions varying in different localities and at dif- 
ferent depths. Taking the district as a whole, however, it is clear 
that vast subterranean storage exists, readily accessible to the seasonal 
influx from precipitation and equally capable of yielding up its sur- 
plus waters. The discharge of these waters is strikingly illustrated 
by the great springs at the sources of Fall River and Tule River, the 
main feeders of Pit River in California, where the aggregate discharge 
of the underground flow that emerges within a radius of a few miles 

*The flow of one "cubic foot per second" and designated as "second foot'*" 
will, dnring a period of twenty-four hours, amount to very nearly 2 acre feet. 

tMean for Ootober-December, 1904, estimated 2,000 second feet. 
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GAUGINa STATIONS IN UPPER DESCHUTES RIVEB BASIN 

No. Beeords Available. 

80. Arnold Oaaal near Bend April 11, 1904— Sept. 30, 1914. 

tl. Central Oregon Canal near Bend Mar. 11, 1905— Sept. 30, IQli. 

22. Pilot Butte Canal near Bend Mar. 6, 1905— Sept. 30, 1911 

23. North Canal at Bend June 14, 1913 — Sept. 30, 1914. 

24. Swalley Canal at Bend July 5, 1913 — Sept. 30, 1914 

25. Wimer Canal near Laidlaw June 16, 1906 — Sept. 30, 1914. 

26. Columbia Southern Canal in Laidlaw May 15, 1906— May 23, 1914. 

27. Tumalo Feed Canal near Bend May 21, 1914 — Sept. 30, 1914. 

28. Metolius Biver at Allingham Banger Station, 
near Sisters Sept. 15, 1910 — Oct. 31, 1913. 

29. Metolius Biver at Hubbard's Banch, near 
§ Grandview April 24, 1910— Dec. 31, 1913. 

30. Metolius Biver at Biggs' Banch, near Sisters. Oct. 22, 1908— Oct. 21, 1912. 

31. Lake Creek, near Sisters Mar. 31, 1911 — Oct. 31, 1913. 

(Fragmentary.) 

32. Whitewater Creek, near Grandview June 2, 1911 — Dec. 31, 1913. 

33. Crooked Biver, near Post Nov. 9, 1908 — ^Aug. 31, 1911. 

34. Crooked Biver at Hoffman's Banch, near 
PrineviUe Jan. 24, 1913— Sept. 30, 1914. 

35. Crooked Biver at Steam's Banch Nov. 3, 1908 — ^Dec. 31, 1912. 

86. Crooked Biver at Prineville Jan. 11, —April 17, 1914. 

37. Ochoco Creek at Elliott's Banch, near Prine- 
viUe Nov. 4, 1908— AprU 30, 1910. 

38. Ochoco Creek at Prineville May 14, — J^uly 13, 1912, 

and Dec. 15, 1913, to June 
20, 1914. 

39. Squaw Creek, near Sisters July 15, 1906 — Dec. 31, 1913. 
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MONTHLY MSCHABaE OP DESCHUTES BIVEB AT BENHAM PALLS, 

NEAB BEND, OBEOON, FOB 1904-1914 



Month. 



1904-5— 
October to December 

January 

February 

March 

April 

May 

June , 

July 

August 

September 



The year 



1905 
October . . 
November . 
December . 
January . . . 
February . 
March . . . . 

April 

May 

June 

July 

August 

September , 

The year. 

1906.7— 
October . . . 
November 
December . 
January . . , 
February . , 

March 

April 

May 

June 

Julv 

August 

September . 



DiBcharge in second feet. 



Mean. 



2,700 
2,380 
2,260 
2,260 
2,220 
1,890 
1,750 
1,740 
1,640 



2,080 
1,920 
2,080 
1,920 
1,880 
1,730 
1,630 
1,490 
1,590 



The 



year 



1,660 
1,620 
1,370 
1,450 
1,410 
1,550 
1,880 
1,920 
1,920 
1,680 
1,430 
1,400 

1,920 



1,360 
1,510 
1,510 
1,610 
4,000 
2,060 
2,500 
2,680 
2,540 
2,120 
1,900 
1,850 

4,000 



1,530 
1,470 
1,080 
1,200 
1,240 
1,250 
1,530 
1,700 
1,650 
1,430 
1,360 
1,360 

1,080 



1,290 
1,290 
1,320 
1,160 
1,520 
1,610 
1,680 
2,430 
2,120 
1,900 
1,800 
1,700 

1,160 



2,240 
2,160 
2,160 
2,070 
2,010 
1,810 
1,710 
1,620 
1,620 



1,620 
1,560 
1,290 
1,360 
1,330 
1,360 
1,710 
1,840 
1,770 
1,560 
1,410 
1,370 

1,520 



1,320 
1,370 
1,390 
1,390 
2,300 
1,750 
2,170 
2,510 
2,350 
2,020 
1,860 
1,770 



Bun-off 

(total in 

aere feet.) 



1,850 



360,000 
138,000 
120,000 
133,000 
123,000 
124,000 
108,000 
105,000 
99,600 
96,400 



1,410,000 



99,600 

92,800 

79,300 

83,600 

73,900 

83,600 

102.000 

113,000 

105,000 

95,900 

86,700 

81,500 

1,100,000 



81,200 

81,500 

85,500 

85,500 

128,000 

108,000 

129,000 

154,000 

140,000 

124,000 

114,000 

105,000 

1,340,000 



Accn- 
ney* 



D 
A 
A 

A 
B 
B 
A 
A 
A 
A 



A 

B 
A 
A 
A 
A 
B 
B 
B 
B 
A 
A 



A 

A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
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MONTHLY DISCHAEGE OF DESCHUTES BIVEB AT BENHAM PALLS, 

NEAE BEND, OBEGON, FOE 1904-19U 



Month. 



1907-8— 
October . . . 
November . 
December . 
January . . 
February .. 
March .... 
April ..... 

May 

June 

July 

August . . . . 
September . 

The year 

1908-d— 
October . . . 
November . 
December . 
January . . . 
February . . 
March . . . . 

April 

May 

June 

July 

August . . . 
September 

The year 

1909-10— 
October . . . 
November . 
December . 
January . . . 
February . . 
March .... 

April 

May 

June 

July 

August . . . 
September . 



Discharge in second feet. 



The vear 



Max. 



1,700 
1,700 
2,560 
2,060 
1,520 
1,960 
2,230 
2,120 
2,180 
2,010 
1,750 
1,660 

2,560 



1,900 
1,700 
1,520 
2,280 
1,750 
1,750 
1,800 
1,870 
1,870 
1,690 
1,560 
1,560 

2,280 



1,530 
4,760 
2,610 
1,740 
1,880 
2,380 
2,020 
2,090 
1,840 
1,670 
1,570 
1,510 

4,760 



Min. 



1,590 
1,520 
1,480 
1,390 
1,280 
1,350 
1,560 
1,850 
1,850 
1,750 
1,660 
1,560 

1,280 



1,560 
1,520 
1,170 
1,280 
1,520 
1,520 
1,590 
1,690 
1,690 
1,530 
1,510 
1,500 

1,170 



1,430 
1,400 
1,530 
1,330 
1,420 
1,950 
1,880 
1,840 
1,670 
1,570 
1.510 
1,480 

1,330 



Mean. 



1,630 
1,580 
1,770 
1,700 
1,440 
1,600 
1,880 
2,030 
2,000 
1,890 
1,680 
1,620 

1,740 



1,660 
1,570 
1,430 
1,650 
1,620 
1,570 
1,720 
1,790 
1,790 
1,600 
1,530 
1,520 

1,620 



Bun-off 

(total in 

acre feet.) 



100,000 

94,000 

109,000 

105,000 

82,800 

98,400 

112,000 

125,000 

119,000 

116,000 

103,000 

96,400 



1,260,000 



102,000 

93,400 

87,900 

101,000 

90,000 

96,500 

102,000 

110,000 

107,000 

98,400 

94,100 

90,400 

1,170,000 



1,480 


91,000 


2,040 


121,000 


1,930 


119.000 


1,530 


94,100 


1,590 


88,300 


2,090 


129,000 


1,950 


116,000 


1,980 


122,000 


1,750 


104,000 


1,610 


99,000 


1,540 


94,700 


1,500 


89,300 



Accu- 
racy. 



B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 



B 
B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
A 



A 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 



1,750 



1,270,000 
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MONTHLY DISCHABGE OF DESCHUTES EIVEB AT BENHAM FALLS, 

NEAB BEND, OREGON, FOE 1904-1914 



Month. 



1910-11— 
October . . . 
November . 
December . 
Jannary . . 
February . . 
March .... 

April 

May 

Jane 

July , 

August . . . . 
September . 

The year 

1911-12— 
October . . . 
November . 
December . 
January . . . 
February . 

March 

April 

May 

June 

July 

August ... 
September 

The year 

1912-lS— 
October . . . 
November 
December 
January . . 
February . 
March . . . . 

April 

May 

June 

July 

August . . . 
September 

The year 



Discharge in second feet. 



Max. 



1,540 
1,600 
1,780 
1,540 
1,420 
1,540 
1,670 
1,740 
1,740 
1,600 
1,420 
1,480 

1,780 



1,420 
1,480 
1,360 
1,500 
1,780 
1,500 
1,710 
2,100 
2,260 
1,940 
1,780 
1,710 



Min. 



1,640 
1,780 
1,570 
1,710 
1,500 
1,640 
1,940 
1,970 
2,050 
2,130 
1,680 
1,680 

2,130 



1,420 
1,420 
1,420 
1,180 
1,240 
1,240 
1,480 
1,600 
1,600 
1,420 
1,360 
1,360 

1480 



1,300 
1,300 
1,180 
1,000 
1,430 
1,360 
1,430 
1,710 
1,980 
1,710 
1,640 
1,640 



2,260 , 1,000 



1,570 
1,500 
1,360 
1,300 
1,430 
1,360 
1,640 
1,860 
1,890 
1,680 
1,610 
1,610 

1,300 



Mean. 



1,470 
1,490 
1,560 
1,420 
1,860 
1,400 
1,570 
1,670 
1,710 
1,500 
1,880 
1,890 

1,490 



1,360 
1,380 
1,280 
1,380 
1,560 
1,430 
1,590 
1,890 
2,150 
1,800 
1,690 
1,670 

1,600 



1,590 
1,620 
1,500 
1,620 
1,440 
1,470 
1,830 
1,910 
2,000 
1,820 
1,670 
1,610 

1,670 



Ban-off 

(total in 

acre feet.) 



90,400 
88,700 
95,900 
87,800 
75,600 
86,100 
93,400 
103,000 
102,000 
92,200 
84,800 
82,700 



1,080,000 



83,600 

82,100 

78,700 

84,800 

89,700 

87,900 

94,600 

116,000 

128,000 

111,000 

104,000 

99,400 

1,160,000 



97,800 

96,400 

92,200 

93,500 

80,000 

90,400 

109,000 

117,000 

119,000 

112,000 

103,000 

96,600 

1,206,900 



A6ea« 
raej. 



A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
B 
B 



B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 



A 
A 
A 
B 
B 
B 
B 
B 
A 
A 
A 
A 
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MONTHLY DISOHAEGE OF DESCHUTES BIVEE AT BENHAM FALLS, 

NEAE BEND, OBEGON, FOB 1904-1914 



Month. 



Discharge in second feet. 



Max. 



Min. 



Mean. 



Ban-off 

(total in 

acre feet.) 



Accu- 
laej. 



1913-14— 
October . . . 
November 
December 
January . . 
February . 
March .... 

April 

May 

June 

July 

August . . . 
September 

The year 



1,640 



1,530 



1,830 
1,900 
1,780 
1,680 
1,500 
1,360 
1,470 

1,900 



1,500 
1,610 
1,480 
1,280 
1,250 
1,310 

1,250 



1,570 
•1/580 
1,450 
1,530 
1,450 
1,640 
1,730 
1,690 
1,570 
1,380 
1,310 
1,360 

1,520 



96,500 

•94,000 

89,200 

94,100 

80,500 

101,000 

103,000 

104,000 

93,400 

84,800 

80,600 

80,900 



1,102,000 



B 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 



* Estimated from tributary stations above. 

CEANE PEAIEIE EUN-OFF 

The monthly run-off in acre-feet from Crane Prairie, May 1st, 1913, 
to September 30, 1914, partly estimated, was as follows: 



1913. 

May 22,000 

June 26,500 

July 26,000 

August 26,000 

September 27,900 

October 22,500 

November 19,400 

December 18,750 



1914. 

January 17,500 

February 13.800 

March 16,700 

April 19,200 

May 22,300 

June 20,800 

July 19,900 

August 20.500 

September 19,600 

Year, May, 1913, to April, 1914, incl., 256,250 acre-feet. 
Oct., 1913, to Sept., 1914 *' 230,950 ** '' 

IBBIGABLE LANDS AND AVAILABLE SURVEYS 

Considerable detailed information of the region was available from 
records at the State Engineer's office, of the Central Oregon Irriga- 
tion Company's surveys for the territory east of Deschutes River to 
Powell Buttes, and south of Crooked River to the Central Oregon Ca- 
nal of the Central Oregon Irrigation Company. 

Earlier surveys of the present State Turaalo Project had been made 
but the present very complete topographic surveys of this project 
were not available at the time when the Deschutes project investiga- 
tions were begun. 

Certain preliminary work had been done by the Central Oregon 
Irrigation Company or its predecessors in investigations of a project 
for the so-called Benham Palls Tract of 60,000 acres to 75,000 acres, 
extending south and southwest of Powell Buttes to about the Drv 
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River Bed. This consisted of a transit and level line from above 
Lava Island Falls east to Powell Buttes. 

A line of precise levels had been carried through from Klamath 
Falls to Shaniko some years previously and the bench marks with 
corrected elevation above mean sea level were available for reference. 

The maps of Deschutes River power survey to which reference has 
been made were also available and the bench marks in the canyon 
were of value for leveling work. 

Farther than this there was little information of value and there 
was practically no data available for the irrigable lands north of 
Crooked River, generally understood to amount to between 100,000 
to 150,000 acres, or west of Deschutes River and north of Cline Buttes, 
variously estimated at from 30,000 to 75,000 acres. 

SITBVEYB AMD DATA BEItATIKG TO BESEBVOIB BITES IN 

DESCHT7TES BASIN 

Crescent Lake has for many years been considered one of the most 
attractive reservoir sites in the Deschutes Basin. The run-off from 
this lake during the non-irrigating season and available for storage, 
is but approximately 30,000 acre-feet and, in the event that the pro- 
ject which the DesChutes Land Company has contracted to build near 
Lapine, under the Carey Act, be completed as proposed, the storage 
supply from this source will be sufficient for that project only. See 
United States Geological Survey Water Supply Paper 344 and subse- 
quent data being published. 

Davis Lake 'has been formed by a superficial flow of very porous 
lava that has damned the stream. The surplus waters escape through 
the interstices and fissures in the lava and issue in large springs 
below the barrier. No surface outflow from the lake exists. 

It is possible this underflow could be stopped or checked to an ex- 
tent that would insure control of storage by depositing soil and earth 
on the upstream face of the lava dike by hydraulic or other process. 
It is, however, clear that such control would be at best uncertain in 
its effect and relatively costly in execution, and as other and more 
desirable storage can be developed elsewhere, no consideration to de- 
velopment of storage at this point, has been given. 

Odell Lake drains through Davis Lake and the control of the dis- 
charge of water from this lake through the natural channel is sub- 
ject to the same conditions as Davis Lake. The run-off from Odell 
Lake during the non-irrigating season and available for irrigation is 
approximately 45,000 acre-feet. See United States Geological Survey 
Water Supply Paper 344 and subsequent data being published. It is 
possible to divert water from Odell Lake around Davis Lake. How- 
ever, the cost of such canal would make the cost of Odell Lake stor- 
age excessive. 

Big Marshy in Township 25 South, Ranges 6 and 7 East, is a depres- 
sion similar to Odell and Crescent lakes, except that its outlet has 
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cut down so far through the terminal moraine at its mouth that much 
of it is in general what the name implies, a marsh ; but a large part of 
it is wild hay meadow and grazing land. The run-off available for 
storage at Big Marsh, approximately 38,000 acre-feet, see United 
States Geological Survey Water Supply Paper 344, and subsequent 
data being published, is less than at Odell Lake, but exceeds that at 
Crescent Lake. The cost of lands for reservoir at this site, because 
of their use as wild hay meadows and pasture, would make the cost 
of storage relatively high. 

Paulina Lakes. There are no records of the run-off available for 
storage at these lakes, which are crater lakes, but it is extremely 
small. Paulina Creek being dry in the summer, and the distance to 
the main Deschutes River is so great that the seepage losses would be 
disproportionately large for any diversion of such water at points 
on the main river below Benham Falls. 

Crane Prairie. A reconnaissance survey of Crane Prairie reservoir 
site was available from the preliminary work of the Central Oregon 
Irrigation Company. The survey consisted of a single transit line 
around the site, together with some shallow test pits dug at the site 
selected for the dam. Storage volumes estimated from the data of this 
survey, together with estimates of probable run-off of the Deschutes 
at this point, indicated that the cost of storage at this site would be 
low. Fissured and scoriaceous lava rock along the north side of the 
reservoir site and extending from the dam site about two miles along 
the margin of the prairie may possibly require additional expenditure 
to prevent excessive losses by seepage. Run-off available for storage 
is given under ** Water Resources.'' 

Benham Falls. This reservoir site, as previously noted, was dis- 
closed by the power survey of Deschutes River made by the United 
States Geological Survey in co-operation with the State in 1911. 
Records of flow, see ** Water Resources," indicate that the full utiliza- 
tion of the waters of upper Deschutes River, for irrigation only, 
would require the storage of at least 600,000 acre-feet. Reservoir 
capacity to this amount can be provided at Benham Falls by raising 
the water from the present mean river elevation of 4,146 feet, to about 
4,208 feet, or approximately 62 feet. 

Wimer Plat, a basin north of Tumalo Creek, has been utilized for 
the storage of Tumalo Creek waters for the State Tumalo Project 
now under construction. The possibility of diverting water from Des- 
chutes River into this basin, instead of from Tumalo Creek, was in- 
vestigated by Mr. O. Laurgaard, Project Engineer of the State Tumalo 
Project, and found to be not so economical as the diversion from 
Tumalo Creek, because of longer canal line and heavier construction. 

Suttle and Blue Lakes. The utilization of water stored in Suttle 
and Blue lakes has been referred to in this report. See ** Other Irri- 
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gallon Projects." It is physically possible to use the run-off from 
these lakes to irrigate a part of the lands considered in this report, 
but such use is not considered practicable on account of extreme 
length of canal line required and character of construction necessary. 

Crooked Biver Beservoir Sites. A reservoir site on Crooked River 
at the junction of the North and South Porks, near Post, and an 
other site at Ochoco Creek, a tributary of Crooked River, have been 
the subjects of earlier reconnaissance surveys by the Reclamation 
Service. Investigations, the results of which will be embodied in a 
separate report, are now being made of Crooked River Basin and will 
include surveys of these reservoir sites. 

No other reservoir sites upon Deschutes River or its tributaries 
which will store water to irrigate the lands herein considered, are 
known to exist. 

Investigations for This Report. 

SIJ) WOBX. 



Under ** General scope and extent of this investigation,*' it has 
been pointed out that the irrigable areas under a comprehensive Des- 
chutes Project consist of a North Unit, north of Crooked River and 
east of Deschutes River ; a South Unit, south of the Central Oregon 
Canal and Powell Buttes; a West Side Unit, north of the present 
State Tumalo Project and extending north indefinitely on the west 
side of Deschutes River to possibly as far as Metolius River, and 
an East Side Unit now generally under contract for development by 
the Central Oregon Irrigation Company under the Carey Act. 

As no surveys whatever were available for the North Unit and the 
West Side Unit, and but very few for the South Unit on which plans 
and estimates of much value could be based, it was considered inad- 
visable to make any detailed topographic survey covering the entire 
areas. Ordinarily investigations of this character are carried on by 
succes-sive and alternative preliminary transit lines, run out to elimin- 
ate the areas impracticable to irrigate, before any topography surveys 
of the irrigable lands themselves are made. These surveys require 
much time, and it was concluded to develop the several features by 
running out canal lines for each unit at the highest practical eleva- 
tion and fill in the intervening topography as cheaply as possible to de- 
termine approximately the irrigable areas which the canals would 
need to serve, and the necessary types and costs of the main distribu- 
taries. 

The main canal lines on which the larger part of the expense of 
construction would fall were carried out by plane table traverse lines, 
tying in with section comers for horizontal control and running from 
known elevations to known elevations in order to check the eleva- 
tion of intervening points. 
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Topography was developed along these lines extending on both sides, 
to either a difference in elevation of not less than 50 feet, or a strip 
of land not less than one-half mile wide. On this topography 5-foot 
contour intervals were used. Maps were made on a scale of one-half 
inch to the mile. 

A rough classification of all of the lands under consideration was 
made by cruising along each section line, and to, or through the cen- 
ter of each section, noting the character of each 40-acre tract in 
specially prepared land classification books; at the same time rough 
topography of the area was sketched with the use of a hand level and 
aneroid barometer, using a contour interval of 25 feet. The value 
of the results obtained with aneroid barometers in such work is 
questionable. However, with the exception of the area north of 
Squaw Creek in the West Side Unit, the work was carried from 
known elevations to known elevations during each day, so that any 
errors from the irregularity of the barometer during the intervening 
time could be distributed between known points; it is believed that 
the results are sufficiently accurate for the purposes of this inves- 
tigation. 

Cruised topography thus based on aneroid and hand level work 
is shown on maps in broken lines while plane table topography along 
canal location is shown in solid lines. See Sheets Nos. 26 to 37, in- 
clusive. 

The topography of the Crane Prairie reservoir site was developed 
by a plane-table survey and the map was plotted on a scale of 1,000 
feet to one inch. See Sheet No. 118. 

Topography of the several diversion sites, considered together with 
storage reservoir dam sites at Benham Palls and Crane Prairie, was 
developed by plane table surveys and the maps plotted on a scale 
of 400 feet to an inch. See Sheets No. 42, 25, 23, 21 and 67. Test 
borings were made at the sites of the several diversions and storage 
reservoir dams. See Sheets No. 42, 67 and 66. 

During the season of 1913 the field work consisted in making the 
surveys of the North Unit, the West Side Unit and the South Unit, 
together with the surveys of diversion dam sites at Lava Island Falls, 
and above Laidlaw, and of the dam sites at Benham Palls for the 
Benham Palls reservoir; test borings were made at the Benham Falls 
dam sites. 

During the season of 1914 the field work consisted in making the 
survey of the proposed diversion sites at Aubrey Palls and surveys of 
the Crane Prairie reservoir and dam site, together with test borings at 
these dam sites. The field work durins: the season of 1913 was di- 
vided into surveys, on the North Side Unit, on the West Side Unit, 
and on the South Unit, with a field party to each unit, the North 
Unit, under the charge of Thos. Hawthorne, Assistant Engineer, United 
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States Beelamation Service, the West Side Unit under the charge of W. 
B. Farkhill, Suryeyinan, and the South Unit under the charge of James 
McKittrick, Surveyman. Mr. P. C. Dillard, of Oregon, for a number 
of years in the United States Reclamation Service, and especially ex- 
perienced in the cruising and classification of irrigable land, was placed 
in charge of this work covering the three units. 

The field work during the season of 1914 was under the charge 
of W. R. Parkhill. 

Test borings during both the seasons of 1913 and 1914 were in 
charge of Mr. James Dopson. 

The survey parties consisted of an engineer in charge who acted 
as topographer, one or two rodmen, a teamster who also acted as rod- 
man, and a cook. The camp equipment consisted of three 12x14 
tents, a light cooking range with the usual cooking utensils, and 
table service of white enameled ware. One medium team with light 
bolster spring wagon was used both for hauling camp supplies, mov- 
ing camp and driving to and from the field when working at a dis- 
tance from camp. 

The drill equipment consisted of one diamond drill, hand operated, 
and one Calyx shot drill, power driven. Each drill was directly in 
charge of a drill runner, the diamond drill requiring five additional 
men, and the shot drill one additional man during actual drilling. 
In addition to the men on the drills, one cook was employed and a 
teamster with team. 

STTBVEYS FOB THE WEST SIDE UNIT 

It was understood on taking up this investigation, that a large 
part of the area extending north from Squaw Creek to Metolius 
Kiver, and west from Deschutes River to Squaw Ridge, and known 
as the Low Desert, was tillable land and would be productive if irri- 
i^ated. It was expected also that a considerable body of tillable land 
would be found along Squaw Creek immediately east of the town of 
Sisters. 

For this unit, a point about one mile above the town of Laidlaw 
appeared to be the most suitable site for a low diversion, and detailed 
topography for this site was developed on a scale of 400 feet to the 
inch. See Sheet No. 25. A canal line, on an assumed fall of one "foot 
to the mile, was run from this diversion point through the pass west 
of Cline Buttes to the town of Sisters, and thence northerly to the 
south extension of Squaw Ridge. Prom this point it was run around 
the end of Squaw Ridge and north along its easterly slope, to a point 
about three miles south of Big Canyon and within six miles of Metolius 
River. See Sheets No. 29, 31 and 32. 

During the progress of the survey, it was found that not more than 
10,000 acres of land upon the Low Desert would be served and that 
there was comparatively little irrigable land immediately east of 
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Sisters that was not already supplied, or to be supplied, with water 
from Squaw Creek. E\irthermore, the line as run out, encountered a 
half-mile of rim rock about two miles below Laidlaw, through which 
canal construction would be very expensive. 

In considering the diversion above Laidlaw, it was planned to di- 
vert the water necessary for a North Unit, in addition to that for 
any West Side Unit, and carry the supply for both these units in the 
same canal to a narrow place in the river, approximately four miles 
north of Laidlaw, where water for the North Side Unit would be 
taken across Deschutes River by an inverted siphon or a flume. For 
the North Side Unit, considered by itself, a diversion at some point 
between this proposed crossing of the river and Aubrey Falls, was 
at least as economical as the plan to divert water above Laidlaw and 
across the river below. 

When, therefore, it developed that it was impracticable to irrigate 
land on the Low Desert, and at best not attractive to serve land in 
the vicinity of Sisters with water from Deschutes River, the plan 
to divert from a point about 3,500 feet above Aubrey Falls with a 
dam raising the water approximately 60 feet, was considered for both 
the West Side and North Units. The canal for the West Side Unit 
is to take out on the west side of the river, while that for the North 
Unit is to take out on the east side. 

Topography of this diversion site, hereafter in this report referred 
to as the Aubrey Falls Diversion, was developed, together with an 
alternative diversion about two miles up stream near Swalley Bridge. 
See Sheet No. 42. 

The canal line from the Aubrey Palls diversion was in great part 
projected from topography developed by the State for the State Tn- 
malo Project. This topography, which is shown on Sheets No. 31, 32 
and 33, was furnished to this investigation by the State Desert Land 
Board through its Project Engineer. 

The topography of the lands investigated for the West Side Unit 
is shown on Sheets No. 29, 31, 32 and 33. 

Diamond drill borings were made at locations shown on Sheet No. 
42. Following are records of these borings: 

Test Borings, Aubrey FaUs Diversion Site. 

Hole 1. Surface elevation, 3,101 feet. 

Depth in 
feet. 

— ^Fine gravel, with boulders and disintegrated tuff. 

— Light porous disintegrated tuff, with boulders. 

— ^Boulders, with gravel and light porous tuff. 

— Light porous tuff. 

— Light porous tuff, becoming more solid. 

Water returned 9 to 25. 
— Seam, lost water. 
— Light porous tuff, becoming more solid. 

— ^Bottom of hole. 
July 20 to July 23, 1914. 






- 4 


4 


- 9 


9 


-17 


17 


-20 


20 


-25 




25 


25 


-29 




29 



48 DESCHUTES PROJECT 

Hole 2. Surface elevation; 3,135.2 feet. 

Depth in 
feet. 

- 7 — ^Very fine sand; with boulders. 

7 -18 — Coarse sand or river wash gravel. 
18 -29 — Same as above, packed. 
29 -33 —Tuff. 

33 -35 — Shattered and fissured tuff. 
35 -37 — ^Compact tnff. 
37 -38%--Basalt. 
38^-43 — ^Porous red lava. 
43 -43%— Basalt. 

43% — ^Bottom of hole. 

Hole 3. Surface elevation, 3,131.7 feet. 

Depth in 
feet. 

-10 — Earth and boulders (talus). 
10 -12 — ^Boulders and coarse gravel. 
12 -14 — ^Light, porous tuff. 
14 -16 — Compact, solid tuff. 
16 -37 — Light, porous tuff. 
37 -46% — Compact, solid tuff. 
46% -49 — Lost water above 49. 

49 — Sand filled hole up to 47. 

49 — Bottom of hole. 

SURVEYS FOB THE NOETH UNIT. 

The lands of this unit have often been reported to be very desir- 
able if irrigated. Possibilities of their irrigation have been consid- 
ered from time to time, but the necessary investigations have net 
gone beyond a preliminary reconnaissance survey. Any scheme to 
use water from Deschutes River involves a diversion dam with a 
long and expensive canal, including a crossing of the deep Crooked 
River Canyon, together with several miles of exceptionally difficult 
and expensive construction about Smith's Rock on the north side 
of Crooked River, before the first of the irrigable land is reached. 
On the other hand, any scheme to use water from Crooked River 
involves expensive storage, together with a long and difficult canal 
to Smith's Rock, and the same expensive construction around Smith's 
Rock to the first irrigable lands. 

The investment of private capital in large irrigation projects is 
naturally not attractive under any conditions, for the reasons that 
the initial outlay necessary before the first irrigable land is reached 
is large, and the prospective returns are small and must be deferred 
for many years. For these reasons such capital has not been suf- 
ficiently interested to make even a preliminary survey for this North 
Project. 

The discharge records of Crooked River, available at the begin- 
ning of these investigations, covered a period of only four years and 
were quite fragmentary. Discharge records of Deschutes River cov- 
ered a much longer period. Possession of these records, together 
with the fact that there was apparently insufficient water from 
the flow of Crooked River to supply the entire North Unit and 
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that the expense of storage would be large, made it appear desir- 
able to first investigate and report upon the Deschutes River supply. 
The topography of the larger portions of the region lying east 
of the Deschutes and south of Crooked River, and extending to 
Po^well Buttes on the east and to the Central Oregon Canal on 
the south, made it possible to determine within narrow limits 
the location which a canal should follow, between a diversion from 
£>eschutes River and a crossing of Crooked River. See Sheet* 
No. 26, 27, 28, 30, 32 and 33.) There is no question but the 
crossing of Crooked River should be made at a point immediately 
above Smith's Rock for two reasons: The one, that any lower 
crossing of the river would serve a lesser area of land; the other, 
that at any crossing below this point, the south si^e of the canyon 
is lower than the north side, making it relatively expensive to 
hold the grade on the south side up to the necessary elevation. 
The proper point of diversion, however, is more indefinite and 
particularly so if the present North Canal diversion should be 
nsed in connection with the irrigation of an East Side Unit, or 
the North Canal Unit of the Central Oregon Irrigation Company. 
Further reference will be made to this possibility. t>om 
Deschutes River, the canal line survey, beginning at Swalley Bridge, 
runs down the east side of the Deschutes and around the north 
end of Long Butte to the Pilot Butte Canal. It then runs parallel 
-with this canal to the town of Redmond and crossing to the east 
side of the railroad, heads northeasterly to Crooked River at a 
point about one mile east of Smith's Rock. Crossing the river, 
the main line survey follows down the north side of Crooked River 
Canyon, along and around the west and north side of Juniper 
Butte and swinging around the ends of the two ridges, which run 
northwesterly toward Round Butte, crosses Willow Creek. Thence 
it makes northeasterly across Mud Springs Creek near Buck Butte, to 
the rimrock ridge west of Hay Creek. 

In working out probable canal locations for this unit, it was 
believed that Agency Plains, east of Willow Creek, could be reached 
by following one of the ridges which run from the main high line 
immediately north of Juniper Butte to Round Butte. Survey 
lines were run from the main high line along these ridges to, 
and around. Round Butte, and from the town of Metolius northerly 
along the O. W. R. & N. Co. track to Willow Creek. As neither 
one of these lines appeared to furnish a means of reaching Agency 
Plains, a third line was surveyed from the main high line, north 
along the ridge between Agency Plains and Mxxd Springs Creek, 
to Deschutes River Canyon, and another from the main high 
line along the ridge east of Mud Springs Creek, north to the edge 
of Deschutes Canyon. 
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SURVEYS FOR THE SOUTH UNIT, 

The lands of this unit lie south and southwest of Powell Butte and 
comprise the major portion of the Benham Falls segregation of the 
Central Oregon Irrigation Company. Probably endeavors to irrigate 
these lands are historically the most interesting of all the irrigation 
schemes in the Deschutes Basin. So far as can be learned, the earliest 
surveys for any irrigation project to take water from the Deschutes, 
were made to serve these lands, together with land now irrigated by 
the Central Oregon Canal, and land about and east of Powell Buttes 
to Crooked River. However, the early efforts to serve these 
lands were not due to the superiority of the lands themselves, but 
were undertaken as the result of the assumption that from a diver- 
sion point somewhere near the head of Benham Falls, irrigable land 
could be reached with a short canal. Surveys always developed the 
fact that very little irrigable land could be reached short of 30 miles 
from the diversion, and that the cost was excessive, as the canal ran 
out across the lava beds east of Benham Falls. 

The main canal survey for this unit runs from a diversion point at 
the head of Lava Island, around the north side of the lava beds re- 
ferred to, and extends in a generally easterly direction to and across 
the Dry River Bed and thence north to Crooked River. A canal line 
to serve the territory around Powell Buttes was run from the main 
canal line just east of the Dry River Bed, to and around Powell 
Butte, with a lateral line surveyed from this Powell Butte line, north 
and around the east side of Grass Butte. See Sheets Nos. 34, 35, 36 
and 37. 

Topography of the Lava Island diversion dam site was developed 
and the map plotted on a scale of 400 feet to 1 inch. This topog- 
raphy is shown on Sheet No. 23. No test borings were made at this 
dam site. 

SURVEYS FOR BENHAM FALLS BESERVOIR AND DAM SITES. 

The topography of the Benham Falls Reservoir site was developed 
by a survey made by the United States Geological Survey in co-opera- 
tion with the State during the year 1911. The scale upon which this 
topography is shown is one-half mile to the inch. The survey was 
made with a plane table, using the compass needle for horizontal 
control and tying in upon a few of the section corners. Because of 
the local magnetic variation in this region, the map shows the sec- 
tion lines somewhat more distorted than they actually are, but as 
the work was very carefully done, the distortion, where there is any, 
does not appreciably affect the estimates of reservoir capacity, or of 
the cost of construction, necessary for this repoH. A classification of 
the canal within the reservoir site was also made at the same time 
as the topographic survey. 
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Topography of reservoir site is shown on Sheet No. 69 and land 
classification on Sheet No. 70. 

No land ownership map of the Benham Falls Reservoir site has 
been prepared for this report, as such a map would be of material 
value only at the time that purchase of land was to be made. 

Topography of the available dam sites at Benham Falls was devel- 
oped and is shown on Sheet No. 21. Sites were considered at three 
places, as shown on this sheet, and designated as Sites A, B and D. 
Test borings were made at these three sites, see Sheet No. 21, to- 
gether with single borings at points E, F, 6, H, I, J and K, see Sheet 
No. 69. Tabulation of the records of these test borings is as follows : 

Test Borings, Benham FaUs Dam Sites — Site "A." 

Hole A-1. Surface elevation, 4,146.4 feet. 
Depth in 
feet. 

— Top soil, sand and pumice, river deposit. 
— Pumice sand. 

— ^Black sand, some pumice sand. 
— Mud or silt. 
— ^Boulder. 
— ^Pine black sand. 
-58 — Same, with particles of clay. 

— ^Packed or cemented gravel (probably volcanic). 
All water returned above 75. 
All water lost below 75. 
— Loose boulders and gravel of same formation. 
— ^Bottom of hole. 

June 3'June 9, 1913. 

Hole A-2. Surface elevation, 4149.6 feet. 

Depth in 
feet. 

-12 — Top soil (sand and pumice), river deposit. 
12 -52 — ^Pine sand with some clay (probably silt). 
52 -57 — ^Medium coarse sand, with some clay (probably silt). 

All water returned above 57. 
57 -77 — ^Packed or cemented gravel (probably volcanic). 
Part of water returned from 57 tio 77. 
AU water lost below 77. 
77 — ^Bottom of hole. 

June 9-June 12, 1913. 

Hole A-3. Surface elevation, 4150.0 feet. 
I>epth in 

— Top soil. 

— ^Pine sand, with some clay (probably silt). 

— Coarse sand. 

— ^Fine black sand, with some clay (probably silt). 

— ^Packed or cemented gravel (probably volcanic). 

All water returned above 73. 

All water lost below 73. 
— ^Pine black sand. 
— ^Packed or cemented gravel. 
—Bottom of hole. 

June 13-June 14, 1913. 
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Test Borings, Benluun Falls Dam Sites— Site "A."— (Cont'd) 

Hole A-4. Surface elevation, 4146.0 feet. 

Depth in 
feet. 

-19 — Top soil (sand and pumice), river deposit. 

19 -30 — Pumice sand. 

30 -40 — ^Black sand, some pumice sand. 

40 -51 — Mud or silt. 

51 -52 — ^Very clayey. 

52 -54 — ^Black lava boulder, same as bluff on south side of river. 
54 -58 — Fine black sand. 

58 -74 — Packed or cemented gravel (probably volcanic). 
All water returned above 75. 

74 -75 — Streak fine sand. 

All water lost, 74 to 75. 

75 -81 — Same as 58 to 74. 

All water returned 75 to 81. 
81 -85Ms-— Streak of fine black sand. 

About one-half of water lost from 81 to 85%. 
85Vi-91V2--Same as 58 to 74, and 75 to 81. 

All water returned SoYj to 91 Vj. 

All water lost below 91%. 
91% -104 — Loose for mation of broken rock and coarse sandy material (prob- 
ably slide from north side of river). 
104 -115 — Large boulder (probably slide from north side of river). 
115 -137V2— Same as 91% to 104. 
137% — Bottom of hole. 

September 10-Sept^mber 27, 1913. 

Hole A-5. Surface elevation 4192.0 feet. 

Depth in 
feet. 

- 5 — Sand and surface soil. 
5 - 17 — Porous lava rock. 

All water returned above 17. 
17 - 25 — Porous lava rock with seams at tihe following depths, 17-19-20- 

21-24 and 25, through which all of water is lost except hole 
at 20 feet depth, through which only part of water is lost. 
25 - 33 — Porous lava rock, all water returned. 
33 -33%_Seam, all water lost. 
33Vj-3S — Porous lava rock, all water returned. 

38 - 38% — Seam or pocket filled with lava sand, all water returned. 
38%- 50 — Porous lava rock, all water returned. 
50 - 50% — Seam or pocket of sand, all water lost. 
50 V-!- 58 — Porous and shattered lava. 
58 - 80 — Porous lava rock. 
80 -101 —Solid lava rock. 

All water returned 50% to 101. 
101 —Bottom of hole. 

September 15-September 27, 1913. 

Hole A-6. Surface elevation. 

Depth in 

feet. 
0- 7— Water. 

7-15 — Lava boulders and broken rock. 
All water returned above 15. 

15 — ^Bottom of hole. 

October 1, 1913. 
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Test Borings, Benham Falls Dam Sites— Site ''B." 

Hole Bl. Bed of river 4143.5 feet. 

Depth in 

feet 
' 7 — TTater. 
7 -15 — ^BLack mud or silt. 

15 -'2^ — ^Medium fine sand (color red and gray). 
^ -Vt — ^QtTay clay and mud. 

All water returned above 32. 
32 -38 — Loose broken lava with sand. 

Part of water returned from 32 to 38. 
38 -53 — Broken lava roek (hard). 

All water lost 38 to 53. 
53 -73^ — Solid lava rock with close seams. 

All water returned 53 to 73^. 
73^^ — Bottom of hole. 

June 26-July 24, 1914. 

Hole B-2. Surface elevation 4195.5 feet. 

Depth in 
feet. 
-32 — ^Porous lava rock (shattered). 

— Hard lava rock (shattered into fragments). 
— Boulders (hard lava rock). 

— Black sand mixed with fragments of lava rock. 
— ^Black sand mixed with pumice and fragments of lava rock. 
— Same as 49 to 65. 
All water lost above 78. 
78 — ^Bottom of hole. 

Hole B-3. Surface elevation 4153.6 feet. 

Depth in 

feet. 
-20 — Loose rock and soil. 
20 -23 — Fine sand. 
23 -37 — Same as 0-20. 

All water lost above 37. 
37 -41 — Lava rock (hard). 

All water returned 37 to 41. 
41 — ^Bottom of hole. 

July 15-July 19. 
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Test Boxings, Banluuii Falls Dam Sites — Site "B." 
Hole B-1. Bed of river 4143.5 feet. 



—-Water. 

— Black mud or ailt. 

— Medium fine sand (color red and gray). 

— Gray clay and mud. 

All water returned above 32. 
32 -3S — Loose broken lava witli sand. 

Part of water returned from 32 to 38. 
38 -53 — ^Broken lava rock (hard). 
All water lost 38 to 53. 
53 -731^ — Solid lava rock with close seams. 
All water returned 53 to 73%. 
73% — Bottom of hole. 

June 26-July 24, 1914. 

Hole B-2. Surface elevation 4195.5 feet. 



— Porous lava rock (shattered). 

— Hard lava rock (shattered into fragments). 

— Boulders (hard lava rock). 

— Black sand mixed with fragments of lava rock. 

— Black sand mixed with pumice and fragments of lava rock. 

— Same as 49 to 65. 

All water lost above 78. 
78 — Bottom of hole. 

Hole B-3. Surface elevation 4153.6 feet. 

Depth in 
feet. 
-20 — Loose rock and soil. 
20 -23 — Fine sand. 
23 -37 — Same as 0-20. 

All water lost above 37. 
.37 -41 — Lava rock (hard). 

All water returned 37 to 41. 
41 — Bottom of hole. 

July 15-July 19. 
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Benham Falls Reservoir Borings. 

Hole El. Surface elevation, 4157.0 feet. 
Depth in 
feet. 
- 2 — Surface soil. 
2 -16 — Pumice sand. 
16 -23 —Mud (probably silt). 
23 —Bock. 

All water returned. 
23 —Bottom of hole. 

Hole F-1. Surface elevation, 4157.0 feet. 

Depth in 
feet. 

- 2 — Surface soil. 

2 -16 — Pumice soil. 

16 -25 —Mud (probably silt). 
25 -27 — Clayey material. 

All water returned. 
27 —Bottom of hole. 

Hole G-1. Surface elevation, 4148.0 feet. 

Depth in 
feet. 
-10 — Pumice sand. 
10 -27 —Mud (probably silt). 
All water returned. 
27 — Rock or boulder, bottom of hole. 

Hole H-1. Surface elevation, 4151.0 feet. 

Depth in 
feet. 
- 3 —Top soil. 

3 -14 — Coarse lava sand. 

14 -28 —Mud (probably silt). 

28 -38 — Lava gravel or coarse sand (packed). 

All water returned. 
38 —Bottom of hole. 

October 4, 1913. 

Hole I-l. Surface elevation, 4147.0 feet. 

Depth in 
feet. 

. 7 —Water. 
7 -15 — Black sand. 

15 -23 — Pumice sand deposit (wit«h decayed wood). 
23 -41 —Mud (probably silt). 

41 — Black lava rock or boulder. 

All water returned. 
41 — Bottom of hole. 

October 4, 1913. 

Hole J-1. Surface elevation, 4146.0 feet. 

Depth in 
feet. 

- 7 '-Water. 

7 -14 — Fine river sand. 
14 -29 — Pumice sand. 

29 -47 —Mud (probably silt). 

47 — Cemented gravel. 

All water returned. 
47 — Bottom of hole. 

October 4, 1913. 
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Benham Falls Beservoii Borings. 

Hole K-1. Surface elevation 4144.0 feet. 
Depth in 
feet. 

0- &— Water. 
6-12 — ^Fine sand or silt. 
12-25 — ^Fine sand, mixed with pumice. 
25-35 — Medium sand, mixed with pumice. 
35-45 — Pumice, mixed with sand. 
45-55 — ^Fine sand or silt, mixed with pumice. 
55-60 — Fine sand or silt. 
All water returned. 
60 — Bottom of hole. 

October 6. 1913. 

History of the Borings. The first hole was put down at Site A, 
see Sheet No. 21, and was carried down to about 70 feet. It was 
expected that within this distance, either the continued slope of the 
older formation on the west side of the river, or the overlapping 
basaltic rimrock on the east side would be encountered. Since neither 
occurred, the drill work was transferred to Site B, see Sheet No. 21, 
where even less satisfactory conditions were found. Hole No. 2 at 
this site, passed through the relatively recent lava flow from Lava 
Butte, into the pumiceous sandy material found near the surface of 
the holes in the river bottom. Hole No. 3, after passing through 
talus and other material, encountered the porphyritic rhyolite on the 
west bank slope, and from this condition it was evident that the river 
channel, prior to the recent lava flow from Lava Butte, was immedi- 
ately under that lava flow, and any examination at Site C, the head 
of the Falls proper, would be useless. It is also to be observed that 
the surface losses referred to by Russell were all within this portion 
of the river, and there seems practically no doubt that the river 
channel, immediately prior to the recent lava flow, lay many hundred 
feet east of its present location at this site. 

Site D was then taken up, and on completion of the investigations 
here, it became quite apparent that a masonry dam at Benham Falls 
could not be considered. Work was therefore again resumed at Site 
A, which offers decidedly better conditions for an earth and rock 
filled type of dam than either of the other sites. 

In putting down test holes, iron pipe with flush joints, called cas- 
ing, is worked down through all loose material until rock is encoun- 
tered. Until rock is reached, the material, of whatever character, 
is either chopped loose with a chopping bit and washed out by water 
forced through the chopping bit under pressure, or, if hard material, 
such as cemented gravel or boulders be encountered, the hole is shot 
down by dynamite which is lowered through the casing and elec- 
trically exploded from the surface, first raising the casing a few 
feet to prevent its being destroyed. In all the bore holes, therefore, 
there is a test of the water tightness of the material passed through, 
because if the material is water tight, the water forced through the 
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drill rods under pressure returns outside the drill rods but inside the 
casing, and is continually under observation by the drill runner. 

When any material portion of the water forced into the hole 
through the drill rod fails to return to the surface, it is immediately 
noted as indicating that open or porous material is being encoun- 
tered. No water was lost in these holes until the packed or cemented 
gravel was reached at about elevation 4,090, see cross section of dam- 
site A, Sheet No. 66. 

In hole No. 3 no water was lost until the stratum of fine sand was 
struck below this packed or cemented gravel. This hole was not shot 
down, but was chopped through the cemented gravel. 

Through the other holes, a little water was lost in the first part 
of the cemented gravel, but it is probable that none would have been 
lost above the sand stratum if the cemented gravel stratum had not 
been shot through, thus opening up fissures through which the water 
escaped. 

Hole No. 4 was put down as a deep hole from the beginning and 
at a depth of approximately 140 feet ended, in broken rock and 
boulders. 

Hole No. 5, in the basalt rimrock, was sunk approximately 100 feet 
to determine whether or not the old river channel lies deep enough 
under this lava flow to be effectively cut off by the water tight ma- 
terial encountered in holes 1 to 4 inclusive, above the stratum of fine 
sand. It is evident from the cross section that this is the case, and 
that the ancient river channel must have been at greater depth. 

Hole No. 6 had been put down only a short distance when it was 
concluded that it would furnish no information not already obtained. 

It is of interest to note that in hole No. 4, at a depth of 91Vi feet, 
water in the casing stood slightly below the water surface in the 
river, thus indicating a less hydrostatic pressure in this lower ma- 
terial than in that above. This is, no doubt, the result of the lower 
material being directly connected through similar continuous coarse 
material with some of the older river channels which join the present 
river somewhere below Benham Falls. 

CRANE PRAIRIE RESERVOIR AND DAM SITES. 

The only information available with reference to this reservoir site, 
was a survey made in 1907 for the Deschutes Irrigation and Power 
Company, in which the reservoir topography was sketched from a 
single traverse line around the basin. It was not regarded as suffi- 
ciently reliable for the purpose of this investigation. A plane table 
survey was therefore made on a scale of 1,000 feet to the inch, with 
horizontal control based on plane table triangulation, and vertical 
control carried up from United States Geological Survey precise level 
line along the east side of Deschutes River. 
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Test Borings, Orane Prairie Dam Site— (Cont'd). 

Hole A-4. Surface elevation, 4451.8 feet. 

Depth in 
feet. 

- 3 — ^Pumiceous sand. 
3 - 7 — Lava rock. 
7 -14 — Grey porons lava rock. 

All water returned above 14. 
Lost all water at 14. 
J 4 -20 — Grey porous lava. 
20 -25^2 — Solid lava rock. 
25^^-38 — Dense grey lava. 
38 — ^Bottom of hole. 

August 11- August 14, 1914. 

Shafts Line A. Surface elevation, 4428.7 feet. 

Depth in 
feet. 

- 3 — Black soil. 

3 -17 — Sand rock, soft. 

17 -19 —Sand rock. 

19 -20 — Sand rock. 

20 -22 — Lava boulders, with brown clay. 
22 — Bottom of hole. 

Material 3 to 20 is watertight. 
20 -22 — Water runs in from sides. 

SOILS SURVEY. 

A preliminary soil or agricultural survey of the irrigable lands of 
the project, was made the latter part of October and early Novem- 
ber by W. L. Powers, Assistant Professor of Irrigation and Drainage, 
Oregon Agricultural College. 

Mr. Powers had previously spent one season at Metolius and Red- 
mond on the Oregon Experiment Stations, and was therefore already 
fairly well informed as to the North, East Side and West side Units. 
All additional field investigations were completed in one week. The 
soil survey of the South Unit may be considered as only roughly 
approximate. For the North and West Side Units, while in no sense 
was a thorough survey made, it is believed that reasonably compre- 
hensive and representative data has been rendered available. 

The physical and chemical analyses of soils were made at Oregon 
Agricultural College. 

Soil survey maps, Sheets Nos. 127, 128 and 129, show soil classifi- 
cations of the North, West Side and South Units respectively. De- 
tailed descriptions of soils, with analyses and discussion relative to 
agricultural development under irrigation, are given under ** General 
Discussion of the Problems and of the Development Proposed, Agri- 
cultural Survey.*' 
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General Discussion of the Problems and of the Devel- 

MENT Proposed. 

RELATIOK BETWEEN WAXES BIGHTS AND WATEB BEQUIBEMENTS. 

It is impossible to determine the ultimate use of water for a pro- 
posed irrigation project prior to the completion of the project. Des- 
pite the best possible preliminary examinations of soil characteris- 
tics, there must yet remain much uncertainty as to its ability to retain 
or pass moisture, and the consequent requirements of irrigation sup- 
ply for plant life, as well as the possibilities of seepage losses and 
return flows into the streams. 

In addition there are the uncertainties of the human element in 
the matter of economical or wasteful use of water, as well as much 
doubt as to the nature of the crops that will prove most profitable 
in any particular locality, all of which factors have an important 
bearing in the use of, or requirements for water. 

In determining the question of storage requirements for a given 
project, other elements of great uncertainty enter into consideration, 
such as: The ability of irrigation companies to complete the con- 
struction program contemplated; the eventual trend of colonization 
and agriculture in different localities, and the added uncertainty as 
to the results of adjudication proceedings, involving not only the 
use of water for irrigation, but the relative priority of water rights 
for power development and domestic supply. 

Certain assumptions covering these conditions are necessary be- 
fore plans, which contemplate the full utilization of the run-off of a 
stream, can be worked out. However, the assumptions that are 
herein made must not be considered as an individual judgment of 
the present legal rights of the water appropriators. 

For example, a company or district may have a legal permit to 
divert and use water for the irrigation of 10,000 acres of land, and 
have an unlined canal of apparently sufficient capacity to serve these 
lands. The seepage losses in this canal, however, may be so great 
that it will only serve 5,000 acres. The solution of the question as 
to whether the canal system will eventually be so improved that with 
the water diverted the entire 10,000 acres of land will be served, or 
whether under a water adjudication of *M)eneficial use'' the excess 
water diverted and wasted in canal seepage is appropriated to other 
use, is not expressed in the assumptions made for the purposes of 
this report. 

Cases have been known where technical legal rights have been 
acquired under old appropriations for many times the actual amount 
of water flowing in a stream; nevertheless it may be quite apparent 
that the appropriators are not using, and could not possibly use, 
more than half of the actual flow. In determining possibilities of the 
full utilization of the runoff from such a stream, it is therefore neces- 
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sary to ignore the amount of the old appropriations claimed, as use- 
less and misleading, and to assume that one-half of the runoff remains 
for further appropriation. 

Under the laws of the State of Oregon, the rights of water appro- 
priators are adjudicated by the State Water Board and the courts, 
from evidence, and such rights must be based on actual beneficial use. 

IRBIGATINO SEASON. 

In the Tumalo Project the State proposed to furnish 1.8 acre-feet 
of water per acre measured at the land. 

The State Desert Land Board, in its Carey Act contracts, has gen- 
erally required in this locality the delivery of 1.8 acre-feet of water 
per acre, measured within one-half mile of land, for the 90-day period, 
May 23 to August 20, inclusive, together with as much water, before 
and after this period, as may be required for best agricultural de- 
velopment. 

The maximum rate of delivery necessary determines the capacity 
of the entire canal system. It is therefore to the interest of the irri- 
gation company to extend over as long a period as possible, the sea- 
son during which any given volume of water is to be delivered. It 
is also in the interest of the water user himself, who ultimately pays 
for the construction, to limit the maximum delivery as much as is 
consistent with good results. 

The assumption of an irrigating period of six months, however, 
seems unnecessarily long for a region of this altitude, with so short 
a growing season. 

Observations and measureinents by H. P. Parmer, of Office of Ex- 
periment Stations, United States Department of Agriculture, cover- 
ing some 20 irrigated farms under the Central Oregon Irrigation 
Company's system in 1912, indicate an average water use curve of 
approximately the same amount in each of the months of June, July 
and August, and about half this amount each in the months of May 
and September. 

Under the Central Oregon Irrigation Company's system, the users 
are given practically all the water they ask for, up to the capacity 
of the canal system. It is probable, therefore, that the proportionate 
use, in both May and September, was somewhat larger than best 
methods would require. It fixes, however, fairly well, the length of 
irrigating season as beginning with a small use early in May, and a 
use in September, decreasing to nothing some time before the end of 
that month. In general, this season has been adopted, with slight 
modification in each unit, for this investigation. 
SEEPAGE AND EVAPORATION LOSSES IN CANALS AND BESEBVOIBS. 

The evaporation from the water surface of reservoirs and canals in 
the Western United States will ordinarily amount to 3 feet or more 
in depth per annum. This amount is considerable in a reservoir, but 
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is SO small in a ditch as to be quite negligible. For example, the 
water surface area of the Umatilla Project feed canal, which is about 
25 miles long, is in round numbers lOQ acres. With an evaporation 
of 1 foot in depth per month, a rate which might be reached in the 
driest part of the year, the total evaporation for one month would 
be only 100 acre-feet. The amount per day would be 3.3 acre-feet, 
equivalent to a loss of 1.6 cubic feet per second in the entire canal. 
The capacity of the canal is 300 cubic feet per second. The per cent 
of flow lost in the entire canal, due to surface evaporation alone is, 
therefore, approximately one-half of 1 per cent, thus establishing the 
loss of flow from evaporation in each mile at about one-fiftieth of 
1 per cent, which is insignificant. Canal evaporation loss in this dis- 
cussion will, therefore, be included in seepage losses, and in fact is, 
of necessity, actually so included in any measurements made to de- 
termine seepage losses. 

Natural laws, governing rates of percolation of water through 
porous material such as soils, sand, and gravels, which ordinarily 
constitute the beds of canals, have been determined during recent 
years with a fair degree of accuracy. 

In any given material, percolation rates vary almost directly as 
the head of water; thus, in any given cross section of canal, in ma- 
terial of ascertained character, the total percolation should theoret- 
ically be a direct factor of the wet perimeter, the average head, and 
the length. 

As a matter of fact, other elements enter very largely into this 
question, particularly the effect of surface puddling and silting along 
the perimeter, due to wave action, and the straining out or deposition 
of fine material carried in suspension. The formation of a film or 
surface skin of micro-organic matter, such as is formed on the sur- 
face of all sanitary filters, and is effective in aiding the nitrification 
of organic impurity, will necessarily result during use of a canal. 
All of these causes tend to retard percolation and so greatly influence 
the general result, that for practical purposes it would be inadvisable 
to attempt to determine percolation by direct application of the 
above rule. 

It is probable that, with the slow rate of percolation through the 
bottom and sides of most canals, capillarity of the adjoining material 
has a very important part in affectincr the rate of seepage loss. 
However this may be, observations lead to a fairly definite conclu- 
sion that seepage losses in canals and ditches are almost directly 
proportional to the wet area of the canal, and that the depth or head 
very slightly, affects the losses within the limits of ordinary canals. 

The amount of water lost by seepage in the small laterals which 
directly serve the farms, is sometimes proportionately very much 



to nearly one-half. 

In the Truckee-Carson and Klamath Projects the canal losses have 
been found to be larger. In the Orland, Tieton and Sunnyside 
Projects the canal losses have been only about one-third of the water 
diverted. 

Determinations of duty of water have frequently been made from 
measurements, either at the diversion point, or at some point between 
the diversion and the actual point of delivery to the lands, usnally 
at the head of laterals, with the result that actual losses between 
diversions and lands have often been under-estimated. 

As pointed out above, the losses in the smaller laterals are some- 
times comparatively large and may easily exceed all other losses 
combined. 

N'ewell and Jlurphy in "Principles of Irrigation Engineering," 
.state: 

"The results of obsiTvatiun on this sub.jpi'.l while not eoDcluaive. seem to 
show that the nverajif sei'impo loss from cnnals carrying more than l'"> 
I'.ubie feet per seeund is less than 1 per cent per mile. While for caan)? 
KnrryniB less than 10 cubic feet per sei'ond the average losses exceed 10 

Sume investigations have been made to determine seepage losses in terms 
of wi't area. These results «liow U.Hseg varying from about 0.2.) tu fi.O 
i-uhie feet of water per square foot of wet area per day. In some cases. 
Iiowevet, the dnilv rate of seepage varies from about 0.5 to l.,5 cubic feet 
[ler Bnuare foot of wet area." 

The following is a quotation from a paper by E. G. Hopson on 

'The Ki-onomic Aspect of Seepage and Other Losses in Irrigation 

■ystems," in Vol. 76, Transactions of the American Society of Civil 

iginecrs: 

'In 1910 and 1911, a lateral on the Umatilla Project was lined with 

ar, 1 iuch thick, and careful measurements were made to determine the 

.. The lateral lia.) been selected for lining on Bceount of the ver; 

' character of it* bed. and in order to reduce seepage Iobb. With the 

closed at the ends bv dams, raeasurenienta showed that the water 

lowered alii.iit 0.1 feet eaeh day in the lined ditch, and by applying 

e of loss to the ciinal system as n whole, making due allowance for 

of flow, it was computed tJiat the aggregate seepage loss in the 

f all the canals wiTe lined, would he about .1 iht cent of the 

Vith tlie unlined sy»tenl the loss is close to .10 per cent. Subse- 

lurements have confirmed the above, and, from these and other 

uncluxion has been reached that seepage losses ran be kept done 

li) pi-r cent of the amount diverted, if good linings are placed." 

portions of the Central Orepron and Pilot Butte canals of 

tn"_'on IrriL'jition Cimipany appear to be as high as 10 to 

•er mile. The contract between this company and the 

measurement of water within a half mile of the land 

"oinents have shown some very large losses between 

and land, and the use of 3 to 4 acre-feet per acre, 
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measured at the company measuring box, might be 2 to 3 acre-feet 
per acre measured at the land. 

Reservoir seepage losses vary from practically nothing to as much 
as over 60 per cent of the w^ater stored. See Trans. Amer. Soc. Civil 
Engineers, Vol. LXXVI, pages 344-7. In general, seepage losses from 
reservoirs lying in alluvial stream channels are small, while those 
from reservoirs occupying natural depressions above the plane of 
stream deposit are large. 

The various causes or factors entering into the evaporation losses 
from reservoir surfaces, have not been well determined, largely be- 
cause of the impossibility of actual measurement except in combina- 
tion with losses from seepage. Much time and study has been given 
the subject by engineers, and many series of evaporation pan records 
under various conditions have been made, but the general opinion is 
that none of the methods or formulas so far developed are reliable. 

The amounts are generally believed to vary between about 3 feet 
in depth per annum in the highest altitudes of the arid section of 
the United States, and probably 6 feet in depth in the lower and 
drier regions. See **Salton Sea Observations'' by Frank H. Bigelow, 
Annual Report, Department of Agriculture, 1909 and 1910. 

Assumptions for reservoir seepage and evaporation losses are 
made under discussion of individual reservoirs. 

DUTY OP WATEB. 

Probably no subject, relating to irrigation engineering, is so much 
a question of personal judgment for each individual project or tract 
of land prior to actual experience with that project or tract, as is 
the duty of water. Actual uses of water vary from depths of less 
than 1 foot to more than 10 feet for the irrigating season. 

In the earlier years of irrigation in any locality, there is the nat- 
ural feeling of the water user that he can make no mistake by having 
a large allowance of water for his particular piece of land. He rea- 
sons that if his land does not require this amount in the future, he 
will not be compelled to use it, but if his laud does require it and 
his allowance is too small, it will always be difficult, and frequently 
impossible, to obtain an increase. As a result of this condition or 
attitude on the part of the w-ater user, claims for water requirements 
are, with rare exceptions, placed too high by him. On the other 
hand, results obtained by unprejudiced experimenters for determin- 
ing the most economic use of water, have the tendency to be such as 
can be obtained only under ideal conditions. It is probable that the 
most economical duty of water lies between the claims of the average 
water user and the duty determined by the experimenter. 

Considering the great damage usually resulting from the use of an 
excessive amount of water, such as the leaching out of nitrogen and 
other elements of fertility, and the waterlogging of lower lands, with 
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resulting expensive drainage systems, the proper duty of water for 
any project is probably nearer that determined by the experimenter 
than that of even the more careful water users. The duty of water 
varies with the character of the soil, climate and crops. 

In a general way, where as many as three crops of alfalfa can be 
grown in a season, the amount of water required will be very nearly 1 
twice that for grain. The requirement for orchards of deciduous 
fruit will be roughly the same as for grain. The orchards, however, 
requiring water later in the season, will more generally require 
storage. 4lI 

Duty of water is expressed both in units of volume per unit of area 
for the season, as for example, 2 acre-feet per acre to land during 
the season, and in rate of use for a fixed period, as for example 1 
second feet per 100 acres for a season of 100 days. As a comparison 
between these two expressions, it may be noted that a continuous 
supply of 1 second foot for 100 acres through an irrigation season 
of 100 days, amounts to 2 acre-feet per acre, or vice-versa. 

Another unit of expressing a duty of water in rate of use is the 
miner's inch. This unit obtains, or has obtained in the past, in the 
mining states. The value of a miner's inch in volume of water is 
very uncertain. It varies in the different states from about 38 to 
50 miner's inches for one cubic foot of flow per second, depending 
upon the method of measurement peculiar to each State and upon 
various interpretations by the courts of its actual value. The miner's 
inch in Oregon is equivalent to one-fortieth of a cubic foot per sec- 
ond. The use of the term, miner's inch, especially in irrigation, is 
gradually going out of use. 

For purposes of comparison in any given locality, the expression 
of **duty" in depth of water per season, which is equivalent to acre- 
feet per acre, is probably the best, but for comparisons of different 
localities, having entirely different lengths of season, an expression 
of rate of use for stated periods would seem to be preferable. 

In the following plans and estimates for the Deschutes basin, duty 
of water will be expressed in feet of depth or acre-feet per acre irri- 
gated. 

Where storage of water is not involved, the design and construc- 
tion of a project is controlled by the maximum rate of use of water. 
For example, if the maximum demand for water is at the rate of 0.5 
acre-feet per acre per month, the canal system must be designed to 
deliver this rate of supply, and it is immaterial how much water is 
delivered before or after this period, so long as it does not exceed 
this rate. It is only when the supply directly from the stream falls 
short of the maximum demand, and when storage is required, that 

the irrigating period or the amounts used in other months are of 
interest. 
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In fixing on a duty of water for the various features considered 
in the Deschutes basin, reference has been had, not only to actual 
uses of water on landj? now irrigated in this locality, but to other 
older irrigated lands in other localities. 

In a paper by Don H. Bark, Engineer in Charge of Irrigation In- 
vestigations for the Department of Agriculture, at a Boise Confer- 
ence of Operating Engineers, in January, 1913, the results are given 
of some very extended and careful observations covering three years, 
on 400 individual tracts in the Snake River Valley, with soils rang- 
ing from clay to sandy loams, and altitude from 2,350 to 4,950 feet. 

The entire report of this Boise Conference of Operating Engineers 
is of value in considering any irrigation project in the Northwest, 
but as it is not available in printed form, the most essential part of 
ilr. Bark's paper on duty of water is given here: 

AVERAGE DUTY OF WATEB DURING THE YEARS 1910, 1911 AND 1912. 

(Bark) 
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SUMMARY OF DEPTHS OF WATER IN FEET, APPLIED BY MONTHS 
TO 168 FIELDS OF GRAIN AND ALFALFA, ON MEDIUM 
CLAY AND SANDY LOAM SOILS. 

ALTITUDES RANGING FROM 2,400 TO 3,000 FEET. 

(Bark) 



Crop 
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SUMMARY OF DEPTHS OF WATER IN FEET, APPLIED BY MONTHS ON 

POROUS, SANDY AND GRAVELLY SOILS. 
ALTITUDES RANGING FROM 2,600 TO 4,825 FEET. 

(Bark) 
May June July August 



April 
16-30 

Average 163 

Pet. of totaL..3.39 



September 
1-15 16-30 



Total 

for 

season 



.672 
13.57 
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30.57 



1.311 
26.47 



1.238 
24.99 
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1.11 
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.00 
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General Summary. (Bark) 

1. The duty for projects planted to diversified crops on the average clay 
loam soils of South Idaho should be sufficient, so that two acre-feet per acre 
may be retained on the land. 

2. Very impervious soils or shallow soils require slightly more water than 
deep medium soils. 

3. A tight, impervious subsoil that root« can penetrate, increases the duty. 

4. More water is required where porous subsoils exist. 

5. Gravelly soil may require two or more times as much water as the medium 
soil, the amount depending upon the porosity of the soil, the distance water is 
flooded, and the preparation of the land for irrigation. 

6. As much as 80 per cent of the water applied to gravelly soil is sometimes 
lost to the use of the crops from deep percolation. 

7. Gravelly soils should be irrigated by flooding large heads of water short 
distances. 

8. Cultivated crops, all other things being equal, require less water than 
uncultivated crops. 

9. Winter grains require less water than spring grains. 

10. The time of application has a decided effect upon the yield of grain. 

11. Alfalfa, clover, and pasture require almost exactly twice as much water 
on the same soil as the grains. 

12. An average of approximately 20 per cent, of the amount applied is wasted 
from grain and alfalfa on the clay loam soils. 

13. Diversification of crops greatly increases the duty. 

14. Very little water id required by a project either earlier than May or 
later than August. 

15. The need for water is not constant during the season for a project with 
diversified crops; about 1 per cent of the season's supply is required during April, 
16 per cent during May, 32 per cent each month during June and July, 16 per cent 
during August, and 2.5 per cent during the first half of September, after which 
there is very little need for water. 

16. Approximately 64 per cent of the total supply for the season is required, 
by a project devoted to diversified crops, during the months of June and July. 

17. Rotation systems increase the duty and have many other advantages. 

18. Most canals divert, more water than is actually required, both early and 
late in the season. 

19. The amount of water that will produce the largest yield of a certain crop. 
on a certain soil, is not always the Economic Duty. 

20. The value of land, the cost of water, the value of the crops produced, and 
the cost of producing them, as well as the amount of water that will produce 
the largest yield, must all be taken into consideration when determining the 
Economic Duty for any project. 

Particular attention is directed to paragraphs 19 and 20 of Mr. 
Bark's summary. To illustrate the point made in these two para- 
graphs ; a certain increase in the amount of water supply for an irri- 
gation project might make it possible to increase the yield 10 per 
cent. The conditions might be such, however, that the obtaining of 
this increased water supply would increase the cost 30 or 40 per cent. 
The surplus yield, therefore, from the increased water supply of 10 
per cent would be costing three or four times as much per unit of 
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measure, as the yield obtainable without the increased water supply, 
which is ordinarily considerably more than it is worth. 

Looking at it in another way, the total water supply available 
from a given stream may be sufficient to produce the maximum yield 
from 200,000 acres. The irrigable area available may be 250,000 
acres in extent. 

By a 20 per cent decrease in the amount of water to each acre, 
the water of this stream could be made to supply the entire 250,000 
acres. While the yield per acre would doubtless be somewhat less, 
the area irrigated and improved would have been increased 25 per 
cent, the total yield probably increased, and the actual wealth of the 
State thereby made greater in the lesser use of water per acre. 

In general, therefore, it may be said that the economic duty to be 
assumed for a project is something less than that which will produce 
the greatest yield per acre, provided there is other land or other use 
for the excess water. 

Beference has been made to observations on some 20 different 
tracts of land under the Central Oregon Irrigation Company system 
by ^li. H. P. Farmer of the Office of Experiment Stations, Depart- 
ment of Agriculture. The uses of water, measured at the Company's 
measuring boxes, at varying distances, not exceeding a half mile 
from the land, were from about one and one-half acre-feet to six and 
one-half acre-feet per acre for the season. The average use for the 
20 tracts observed was a little over four acre-feet per acre. Too 
great weight, however, should not be given to these observations, as 
the majority of tracts had been irrigated for only one and two sea- 
sons, and, in the earlier years of an irrigation development, when 
the supply is more than ample for all users, there is no incentive to 
limit the use of water to the contract requirements. The water users 
themselves are usually inexperienced on new projects and are disposed 
to argue that if a little water produces such good results, more will 
do still better. 

Experiments and observations during the year 1913 have been 
made in this locality under the direction of the Oregon Agricultural 
College. The results of these investigations will be found in Oregon 
Agricultural Experiment Station Bulletin No. 117. 

The duty of water in the plans and estimates of this report, based 
largely on the data quoted or referred to, has been fixed at 2.0 to 
2.5 acre-feet per acre, delivered at the farm, for the different units. 

DOMESTIC WATEB SUPPLY. 

Over the larger portion of the Deschutes basin north of Benham 
Falls, ground water for domestic supply is found only at great 
depths. Much money has been spent by the town of Redmond in 
trying to develop a domestic supply for the city from wells, without 
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success. The supply for the town now comes from Deschutes River 
by pumping. 

The wells for the railroad water tanks at Metolius and Culver are 
said to be 700 to 800 feet deep. Over parts of the land on the west 
side of the river, water is obtained at reasonable depths; also in the 
foothills of Gray's Butte and along the upper basins of Willow and 
Mud Springs Creeks. These creeks are such in name only, except 
during the winter and early spring. 

It is necessary, therefore, in any irrigation project on the east side 
of Deschutes Biver, and, at least, desirable on the west side, to 
provide for a domestic supply from the canal during the non-irrigat- 
ing season. 

The actual amount consumed for domestic supply is, of course, 
relatively small, but it will be necessary to carry the water over the 
entire system of canals. For the small amount delivered, therefore, 
the loss will be proportionately very large, and it will not be unrea- 
sonable to assume that from 10 to 20 per cent of the total supply for 
the lands will be properly chargeable to domestic and stock supply. 

For the purposes of the plans and estimates of this report, the 
amount required at the land has been assumed as such that there 
will be required at the diversions, for this specific use, 0.5 acre-foot 
for each acre of land in that unit. 

ASSX7MED PBIOBITY OF WATER BIGHTS. 

From the discharge records of Deschutes River at Benham Falls, 
it appears that the supply of water for irrigation from the natural 
flow of the river without storage does not exceed 450,000 acre-feet, 
while that available for irrigation development with storage is 1,210,- 
000 acre-feet. 

The area of land now being irrigated and contracted to be irri- 
gated with water diverted from the natural flow of the river is ap- 
proximately 115,000 acres. 

In addition, the Des Chutes Land Company has contracted to irri- 
gate approximately 30,000 acres of land above Benham Fails under 
a plan by which the natural flow is supplemented by storage pro- 
vided at Crescent Lake. 

The duty of water for these several systems during the irrigating 
season, as measured at the land and expressed in feet of depth, has 
been estimated at amounts varying between 2.0 feet and 2.5 feet for 
different localities and conditions. 

At the present time, seepage losses in the Swalley Ditch exceed 40 
per cent of the water diverted from the river; in the Arnold Ditch 
they exceed 60 per cent; and in the Pilot Butte Canal, Central Ore- 
gon Canal and North Canal, the seepage losses are not less than 50 
per cent of the water diverted. It is difficult to forecast what the 
use of water in the Des Chutes Land Company project will be» on 
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account of the uncertainty of the effect of ground water. The use 
of aa excessive amount of water may cause serious waterlogging of 
the lands below. The use of water assumed is on this account lower 
than for the other projects. It may be expected that because of the 
porous soils that obtain in that vicinity, the return flow to the river 
from this project will easily amount to one-third or even one-half 
of the total quantity of water diverted, depending on the actual irri- 
gation use. 

There is a possibility that some seepage return from the Arnold 
Ditch, the Swalley Ditch, and the Central Oregon Irrigation Com- 
pany's canals may enter Deschutes River above a diversion at or 
near Laidlaw. Nevertheless, as the general slope of the land in this 
region is away from Deschutes River, it is believed more likely that 
this seepage will largely return to the Crooked River drainage. 

For all projects, excepting that of the Des Chutes Land Company, 
aUowance has been made for domestic use during the non-irrigating 
season, including the resulting seepage losses, of a depth of water 
equivalent to 0.5 of a foot measured at point of diversion. 

The mean duty and total use of water assumed for the Arnold 

Ditch, Swalley Ditch, Central Oregon Irrigation Company canals, 

the Des Chutes Land Company and other small appropriations, are as 

follows : 

Duty in acre- 
feet per acre Diversion in acre-feet 

Ab At di- Irrig. Xon-irrig. 
Area land version season season Annual 
Irrigation projects in- 
itiated 145,000 2.2— 4.0— 532,o00 .57,600 590,100 

40 per cent seepage return estimated for DesChutes Land Company. 

The estimated total annual consumption of water for the several 
projects is thus 590,100 acre-feet, and assuming that storage is pro- 
vided to utilize the fluctuations in the annual flow of the river up to 
the mean annual flow of 1,210,000 acre-feet, there remains for further 
appropriation, including reservoir seepage and evaporation losses, 
620,000 acre-feet. 

The total area irrigated and contracted for is, from our assump- 
tions, 145,000 acres and is provided for by a diversion of water 
equivalent to a duty of approximately 4.1 acre-feet per acre. If a 
duty of 4 acre-feet, including reservoir evaporation and seepage, is 
assumed for future projects, it will be possible to irrigate approx- 
imately 160,000 acres additional from the flow of Deschutes River 
above Benham Falls. 

The monthly runoff of Deschutes River at Benham Falls during the 
irrigating season from May to September, inclusive, for the years 
1905 to 1914, is as follows: 
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RUN-OFF OF DESCHUTES RIVER AT BEXHAM FALLS DURING THE 

IRRIGATING SEASON. 



Year 



May 



June 



July 



I 



Aug. 



1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 



124,000 
113,000 
154,000 
125,000 
110,000 
122,000 
103,000 
116,000 
117,000 
104,000 



' 108,000 
105,000 
140,000 
119,000 
107,000 
104,000 
102,000 
128,000 
119,000 
93,400 



105,000 

95,900 

124,000 

116,000 

98,400 

99,000 

92,200 

111,000 

112,000 

84,800 



99,600 

86,700 

114,000 

103,000 

94,100 

94,700 

84,800 

104,000 

103,000 

80;600 



Sept. Total 



96,400 
81,500 
105,000 
96,400 
90,400 
89,300 
82,700 
99,400 
96,600 
80^900 



533.i)'iit 
482,1-": 
637,'>"'' 
5o9.#J 

499,9011 

509.0'in 

4e4.7iH' 
55S.40II 
547,61 'I' 
443.700 



•Mean ' 118,800 ' 112,540 103,790 



96,450 



91,860 .'523,4^'^ 



•Attention Is called to the fact that at the time Bulletin No. 2, the advanced 
report on the West Side Unit was prepared, discharge records for 1914 were not 
available, and that the mean and minimum monthly discharges during the IrriRatinc 
season therein set forth, should be modified to agree with the tabulation her«*wlth. 

The assumed monthly use of water during the irrigating season 
for the present projects diverting water below Benham Falls is as 
follows : 

May June July Aug. Sept. Annual 

82,900 107,100 126,970 107,150 45,330 469,500 

It is apparent that with the ultimate assumed development of the 
present projects, and unless seepage losses are reduced, that a dis- 
tinct midsummer shortage will occur if no provision is made for 
storage. This shortage will probably necessitate a greater use of 
water in May and September and possibly an extension of the period 

of irrigation. 

IBBIGATION DEVELOPMENT PBOPOSED. 

It is proposed to store water in reservoirs to be provided at Craii<^ 
Prairie and Benham Falls. The total runoff of Deschutes River not 
available for use directly from the river will be so stored and provi- 
sion made for the irrigation of about 168,000 acres of land, as follows: 

First. With diversion at head of Lava Island Falls and canal run- 
ning east about 35 miles, then north to Powell Buttes, and serving 
approximately 48,000 acres, called the South Unit. 

Second. With diversion a short distance above Aubrey Falls by a 
dam raising the water approximately 60 feet, and canal northwest, 
serving about 20,000 acres north of Cline Buttes, called the West 
Side Unit. 

Third. From same diversion dam at Aubrey Falls, with canal ap- 
proximately 18 miles to Crooked River above Smith's Rock, then west 
around Juniper Butte and north to Gateway and Agency Plains, serv- 
ing approximately 100,000 acres north of Crooked River, called th»^ 
North Unit. See Sheet No. 115. 

WEST SIDE UXIT. 

The larger West Side Unit herein proposed covers an area of 
20,325 acres. The irrigable areas are shown on Sheets No. 29, 30. 31. 
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32 and 33, by diagonal hatching. As will be noted, the areas are 
much broken and scattered. These lands lie generally between high, 
isolated table land and rimroek ** islands/' which are, as a rule, too 
high to reach and often practically without soil. The soils of the 
irrigable area are probably largely wind-blown and appear to contain 
rather more humus and alluvial matter than other soils found in 
this region. 

The southeastern portion of the area shown on Sheet No. 31, and 
practically all of that shown on Sheet No. 32, was eliminated from 
this unit because it had already been provided for under the State 
Tumalo Project. The southwestern portion of the area shown on 
Sheet No. 31, about the town of Sisters, was eliminated because con- 
sidered too expensive to irrigate, partly owing to the cost of serving, 
unless other lands north of Squaw Creek were taken in, and partly 
owing to the cost of clearing and grubbing these lands, which are 
largely covered with timber. Furthermore it is believed that when 
additional lands about Sisters are irrigated, they should be supplied 
with water from Squaw Creek and that land about the mouth of 
Squaw Creek which it is proposed to irrigate, together with that al- 
ready partly irrigated with water from Squaw Creek, should be 
served by the West Side Unit here proposed. In accordance with this 
policy, an area of approximately 3,500 acres, at present under the 
Squaw Creek Irrigation Company project, has been included in this 
West Side Unit. 

Water Bequired. The assumed monthly acre use of water during 
the irrigating season, measured at the land and expressed in feet of 
depth, is as follows: 

May June July -'^ug- Sept. Total 

U.4 0.5 0.6 O.o 0.2 2.2 

Assumed seepage losses in distribution laterals have varictl from 
15 to 30 per cent of the water delivered to their heads, accordinj^: to 
the nature of the material through which the canal passes. Seepage 
losses in the main canals have been assumed as one foot in depth 
per day over the wetted area for unlined sections and one inch in 
depth per day over wetted area for lined sections. 

The resulting assumed monthly acre diversion requirements arc as 
follows : 



May 


June 


July 


Aug. 


Sept. 


Total 


0.63 


0.785 


0.94 


0.785 


0.31 


3.45 



For domestic use during the non-irrigating season, an allowance of 
0.5 of a foot in depth per acre, measured at the point of diversion, 
has been allowed for this unit. 

The total assumed diversion requirements for the West SiJe Unit 
for the year, expressed in acre- feet, are as follows : 
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May 


June 


July 


Aug. 


12,700 
i-irrigHtine i 


16,000 


19,000 


16,000 



The canal system is designed for a duty of one second foot ti 
ires at diversion, and one second-foot to 100 acres, at land, 
cation of the main canal is shown on Sheets No. 31, 32 and 3< 
itted lines. 

Diversion. For this West Side Unit there are two possible pr 
'. diversion. If the North Unit is constnieted as proposed, the di 
on for the West Side Unit would be at the Aubrey Falls dam 

eonjuQCtiou with diversion for the North Unit. Should, how< 
version for the North Unit be abandoned at this point, the i 
lonomicsl diversion for the West Side Unit alone would be fro 
)int just above Laidlaw, where a low diversion weir will serve 
inal, located as above for diversion from the Aubrey Falls site. 
inal from the Laidlaw diversion will take out on the east sid 
le river and cross to the west side just above the proposed Au 
alls dam site. In case the Aubrey Falls diversion is used, the i-o! 
le dam will be distributed to the North Unit and West Side Un 
roportion to the volume of water diverted to each. 
Notwithstanding the broken and isolated character of the in 
le lands, the cost per acre of constructing the irrigation works 
lis unit is found to be much cheaper than that for either the N 
• South Units, 

If this unit alone is constructed, storage, if required, will be 
-onomicaDy obtained in Crane Prairie Reservoir, while if conatm 
I conjunction with either one or both of the other units, storage 
B provided in Benham Falls Reservoir or both reservoirs comb' 

Smaller West Side Unit— Bulletin No. 2. During the progro 
lese investigations, it appeared desirable to issue an advance re 
pon an independent West Side Unit, to cover approximately 1; 
Eres; these lands are included in the area considered in the la 
[Test Hide I'nit herein proposed, and their lesser area is due to 
mission of lands now under the Squaw Creek Irrigation Compi 
t'stem which are here added in. The advance report was issue 
ulletin No. 2 of the Oregon Co-operative Work and, omitting 
itroduction, is us follows: 

DeacrlptloD: The investigation b and survcya for a West Side Unit have to 
le territory from the present State Turaalo Project west to the town of S 
id north prBctically to the Metolius River, including what is locally knoi 
le Low Desert. 

It is fouud impracticable to serve lands north of Squaw Creek by divf 
■am Deschutes Kiver and it is apparently ioadvissble to include lands no" 
■ed with yellow pine in the vicinity of Sisters, at the probable cost of con; 

The [iroject herein proposed, as a West Side Unit of the ultimate develop 
f the basin, is shown on map herewith, the shaded portion being the areas fd 
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to lands about the summit of the divide between Deschutes and Klamath basins; 
storage in Paulina Lakes and irrigation of lands along Paulina Creek; and a diver 
sion immediately below Cline Falls to cover a few hundred acres in the vicinitv 
of Odin Falls. 

The construction of any or all of these minor projects would have comparatively 
little effect on the question of water supply for the West Side Unit. 

The Odin Falls Company owns less than 600 acres, and if they should elect to re- 
serve all of tiheir lands from the West Side Unit it would only affect the project 
to that extent. 

Benliam Falls Oarey Act Begregatioii: The Central Oregon Irrigation Company 
is under contract with the State of Oregon to construct a storage and canal system 
for what has generally been referred to as the Benham Falls segregation, lying 
south and east of their present Central Oregon canal unit. The plan proposes 
storage at Crane Prairie for this land. 

The contract between the Central Oregon Irrigation Company and the State, 
for the development of this so-called Benham Falls segregation project, involves 
construction of a dam for storage at Crane Prairie and main canal from near the 
head of Lava Island in the Deschutes Biver some 50 or 60 miles, and distributing 
system for from 50,000 to 60,000 acres. The contract between the Company and 
the State expires in October, 1915. No actual construction work has been done, nor 
has right-of-way been obtained from the United States for the Crane Prairie reser- 
voir site. It is generally understood that the Company has entirely given up any 
intention of developing the project, and it is also evident that it could not be com- 
pleted, if fully financed and taken up at once, before the expiration of the contrart 
with the State. The construction of the West Side Unit, with Crane Prairie 
storage as proposed, would not be feasible if the Benham Falls segregation project 
is constructed. 

There is no reason, however, to anticipate any claim, even, of intention on the 
part of the Company to construct the Benham Falls segregntion project. Should 
they do so, the granting by the United States of right-of-way for storage at 
Crane Prairie would be a matter in which the relative merits of the two project? 
would undoubtedly be considered, with the probability that Crane Prairie storage 
would be held for the West Side Unit because insufficient for the Benham Falls 
segregation. 

Existing power projects affecting proposed West Bide Unit: A small poorer de 
velopment at Cline Falls by the Deschutes Power Company has probably acquired 
a right to as much as 200 second-feet flow. The amount to which this develo]» 
ment is entitled is uncertain, but however much it may be, the full development 
of projects already initiated will require its purchase or condemnation because 
cheaper than storage for the same amount. It will be several years in any case 
before the river will be drawn upon to an extent which wnll affect this right, bat 
in order not to raise the question so far as this proposed West Side Unit is con 
cerned, provision is made in the estimate* for storage at Crane Prairie of the full 
amount of water required for the completed project. 

The Bend Power and Light Company has an installation at Bend of one *2r)0 k. 
w. unit, and power house provision for a second unit. Excavation already done 
and forebay construction contemplate extension of power house to provide for 
two additional units when desired. The rights for this plant would be affected 
by diversions for irrigation through the Central Oregon Canal and the ArnoM 
Ditch above Bend. The area of land which will ultimately be served by those twn 
diversions is uncertain, but is generally considered as about 45,000 acres. ^Vith 
diversion duties already assumed for these canal systems, the maximum diversion 
would be about 900 second-feet. The present high seepage losses may be rednect' 
to such an extent as not to require a maximum diversion of as much as 600 socoml 
feet. The mean summer discharge of the river above these diversions is about 
1,.550 scond-feet. There remains for the power plant, then, under the most favora 
ble assumption but about 1,000 second-feet. It is not probable, therefore, that tiie 
plant would ever be built for much if any in excess of this amount of water. 
The mean winter discharge of the river is over l.^OO second-feet with but rarely 
discharges as low as 1,000 second-feet, and these for but a few days durinjj a coM 
wave. It is apparent, therefore, that at only infrequent intervals and then for but 
ti unv days would the storage of the entire discharge of West Forlc at Crane 
i'rairie during the winter months — generally from 200 to 400 second -feet— inter 
fere with the requirements of the Bend Power plant. Since the total diver?i"R 
requirement for the West Side Unit proposed is but 54,000 acre-feet, the aet^a^ 
storage required probably less than 40,000 acre-feet, and the estimated mean run- 
off from Crane Prairie during the non irrigating period 110,000 acre-feet, it is 
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evident that the requirements of the Bend power plant cannot interfere with the 
West Side Unit development proposed. 

An undeveloped power right is claimed at Pringle Falls on the West Fork of 
Deschutes Eiver below Crane Prairie. The lack of a market for power will doubt- 
less make it impossible for any of the old water power filings, on which no con- 
struction work has been done, to secure conflicting vested rights, in view of the 
fact that it will be many years before Crane Prairie storage will be required. 
However, storage of the relatively small amount required for this West Side Unit 
and diversion during the summer months would doubtless prove a benefit to power 
development. 

Soils and Crops: The soils of this West Side Unit are generally much deeper 
than on the east side of the river, being wind-blown and frequently alluvial de- 
posits in the depressions between the rimrock tables and buttes. While the hardier 
fruits might be successfully grown, forage crops with oats, rye, barley and perhaps 
wheat as the grains, must be looked to as the basis of probable development. 
There is a possibility that truck gardening can be carried on more successfully, 
within the area considered, than on the higher lands of the State Tumalo Project 
and projects on the east side of the river. 

Water Duty: A water use of 2.2 acre-feet per acre during an irrigation season, 
measured at the land, has been assumed for the purpose of the plans and estimates 
proposed and submitted herewith. While experience may demonstrate this use is 
excessive, it is by no means an exceptional one, and has been adopted in these 
plans and estimates in order that the cost of the project may not be under-esti- 
mated. The assumed monthly uses in acre-feet per acre are as follows: 

May June July Aug. Sept. , Total 

0.4 0.5 0.6 0.5 0.2 2.2 

Seepage Iiosses in Canals. Seepage losses in Central Oregon and Pilot Butte 
canals, both unlined canals in earth and rock and with a large proportion of 
shallow irregular canal sections, on the east side of the river, amount to as 
much as 50 per cent of the amount diverted, or greater. 

The plans for the West Side Unit provide for concrete lining for much of 
the main canal system and it is not believed seepage losses will be proportion- 
ately as great as on the east side. Moreover the relative amount of main canal 
for the West Side Unit is less because of the smaller area to be served from 
the one diversion. 

The seepage losses provided for in this estimate have been derived from dif- 
ferent assumed losses for different tracts, depending on the character of the soil, 
and amount, for the whole projecti, to a little over 36 per cent cent of the total 
quantity diverted. Assuming the same proportion of loss throughout the sea- 
son, the diversion uses in acre-feet per acre by months will be as follows: 



May 


June 


July 


Aug. 


Sept. 


Total 


0.63 


0.78 


0.95 


0.78 


0.31 


3.45 



Water Required and Ayailable. Under ^'Existing irrigation projects from 
Deschutes Biver" a total of 145,000 irrigable acres was given. This includes 
the North Canal of the Central Oregon Irrigation Company, for which the 
diversion dam and about 1^^ miles only of main canal have been completed, 
but of which no land has been irrigated except about 2,000 acres, under a 
lateral of the Central Oregon canal, and the project of the DesChutes Land 
Company south of Benham Falls, which has built a number of miles of main 
canal, but which has a comparatively small amount of land under irrigation. 

If a final average use of water on land for these projects, with the excep- 
tion of that of the DesChutes Land Company, approximately 30,000 acres, be 
assumed at the same as that for the West Side Project, and in addition canal 
losses of 45 per cent of the quantity diverted for these projects, the water 
requirements at diversion in acre-feet by months will be as follows: 



May 


June 


July 


Aug. 


Sept. 


Total 


83,600 


104,500 


125,500 


104,500 


41,900 


460,000 



This is a diversion duty of 4 acre-feet per acre. Ifor the DesChutes Land 
Company Project south of Benham Falls, it is not believed so large a rate of 
diversion can be utilized or, if made, that the water can be withheld from the 
stream, because of the porous nature of the lands and their nearness to ♦he 
river channel, both of which will induce rapid return flows to the river. Con ,, 
Ridering this probable return seepage, an assumed net use for the DesChutes 
Land Company Project, not returned to the projects below, of one-half that for 
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the lower projects^ would seem reasonable. On this basis the use on the Bes- 
Chutes Land Company Project in acre-feet by months will be as follows: 

May June July Aug. Wept. Total 

10,800 13,700 16,300 13,700 5,500 60,000 

And the total of all projects diverting above the West Side Unit will k. 

May June July Aug. Sept. Total 

94,400 118,200 141,800 118,200 47,400 520,000 

Deschutes Biver discharge in acre-feet for these months is as follows: 

May June July Aug. Sept. Total 

Mean 121,000 114,000 105,200 97,600 92,600 530.400 

Minimum 103,000 102,000 92,300 84,800 81,800 

The requirements of the West Side Unit in acre-feet per month with the 
diversion duties assumed under ** Water Duty," will be as follows: 



May 

9,850 



June 
12,200 



July 
14,850 



Aug. 
12,200 



Sept. 
4,900 



Total 

54,000 



It is seen, therefore, that during the month of May of a mean year there 
will be available for use directly from the river, after other projects have been 
supplied, more than sufficient water for the West Side Unit; that during the 
succeeding months of June, July and August there would be a deficiency of 
39,250 acre-feet, and that in September again there will be an ample supply. In 
the year of minimum discharge for May there would have been a defieiencj 
for the West Side Unit of but 1,250 acre-feet, but this is the only year of 
record in which there would have been a deficiency in this month. 

It is seen that during the months of June, July and August, on the assump- 
tions of water uses made, there will be a deficiency in water supply for exist 
ing projects which will amount to as much as 37,000 acre-feet for the month of 
July of a mean year and approximately 50,000 acre-feet for the minimum July 
discharge of record. 

For these months, therefore, stored water must be provided for the West 
Side Unit. It is not believed, however, that expensive storage to provide 
against so small a deficiency as would have occurred with the minimum dii- 
charge of record for the month of May, will be justified. If, therefore, the 
extreme minimum for the month of May is not provided for, storage require 
ments for the West Side Unit proposed will be limited to the months of June. 
July and August which, measured at the diversion, have been seen to amount 
to 39,250 acre-feet, called in round numbers 40,000 acre-feet. Following is a 
tabulation of water supply requirements. Quantities given are in acre-feet: 




Water requirements, exclusive 

of DesChutes Land Co 83,600 

Bequirement by DesChutes 
Land Co ', 10,800 



104,500 I 125,000 

I 

13,700 16,300 



104,500' 41,900 



460.00') 



13,700 



5,500 60,000 



118,200 141,800 



Total uses by all projects 
diverting above West , 
Side Unit I 94,400 

Biver discharge — ' 

Mean 121,000 | 114,000 ; 105,200 

Minimum 103,000 102,000 j 92,300 

Bequirements West Side Unit 9,850 , 12,200 ' 14,850 



118,200 47,400 520.0ii'' 



97,600 
84,800 
12,200 



92,600 530.401) 

81,800 

4,900 5iM^ 



Storage Bites. Benham Falls and Crane Prairie reservoir sites, without ques 
tion, offer the cheapest storage available. Investigations during the past season 
show Crane Prairie storage to be somewhat cheaper than Benham Falls stora^- 
largely because the area within Crane Prairie site is all, or nearly all. un 
patented land and therefore available 'for storage purposes on proper showing to 
the Federal Government. 
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It haa been aeen that a net storage of about 40,000 acre-feet will be re- 
quired for the West Side Unit during the months of June, July and August. 
The available runoff in acre-feet by months at Crane Prairie from October 1, 
1913, to April 30, 1914, are as follows: 

Oct. Nov. Dec. Jan. Feb. Mar. April Total 

22,500 19,400 18,750 17,610 13,890 16,800 16,800 125,750 

« • 

During that year the entire West Fork of Deschutes Biver gave an excess 
runoff of 16 per cent over the mean and it is probable that Crane Prairie 
runoff was similarly in excess so that the mean for the non-irrigation period 
should be placed at about 110^000 acre- feet. 

It is plain, therefore, that there is more than ample supply for the West 
Side Unit proposed. Economical development of the Deschutes basin as a 
whole would probably require construction of storage dam for Crane Prairie 
reservoir to provide for the full amount available for storage. This separate 
report, however, deals' only with the West Side Unit and storage for other than 
its requirements will not be considered in detail at t^is time. 

Diyerslon Dam. Investigations of several alternative sites have indicated 
that the most economical diversion site for the comprehensive development of 
Deschutes basin as a whole is at a point a short distance above Aubrey Falls 
and immediately above what is locally known as Little Falls, Section 16, T. 16 
S., B. 12 £. Diamond drill borings show a depth of 25 ft. to 30 ft. to bed 
roek — a dense basalt. Diversion at this site will reqaire the water to be 
raised approximately 58 ft. 

The topographic surveys indicated that for the West Side Unit, considered 
independently of other future development, a diversion at a point approximately 
fifteen hundred feet above the old **Swalley Bridge" in Section 20, T. 16 S., 
B. 12 £., raising the water approximately 34 ft., would require a smaller 
investment for the West Side Unit alone. Uncompleted diamond drill borings 
at this latter site show satisfactory foundation at such depth that, considering 
the cost of extending the main canal up to it, it is doubtful if it will prove 
to materiaUy lessen the investment required, if any. 

The plans and estimates herewith are on the basis of diversion at Aubrey 
Falls site, test borings for which have been completed, with alternative diver- 
sion at Laidlaw. 

Status of Lands Under Project. Of the irrigable area within the project 
approximately one-third is patented, and of the remainder nearly one-half has 
been filed upon by homestead and desert land entries. 

Approximately 4,300 acres is within the segregation for the State Tumalo 
Project, but not within the limits of that project as now constructed. It will, 
therefore, with the exception of possibly a few hundred acres, be available for 
this West Side Unit. About 1,400 acres within the project is land on which no 
filings of any kind have been made. 

The following is a tabulation of these several classes of land with reference 

to title: 

Acres. 

Withdrawn for Tumalo Project but available for this project 4,300 

Unpatented lands not filed upon 1,400 

Unpatented lands filed upon generally as homesteads and desert land 

entries 1,540 

Patented lands — 

Oregon and Western Colonization Co 400 

Cline Falls Power Co 560 

Odin Falls Irrigation & Power Co 480 

Other smaller owners, total 3,950 — 5,390 

Total 15,630 

Oanal Oapadtiee. Since the maximum rate of use determines the capacity 
of a canal system, the maximum use of water expressed in cubic feet per sec- 
ond is necessary in designing the canal system and preparing the estimates. 
As has been stated, the maximum use of water for this Unit has been taken as 
0.6 acre-feet per acre delivered uniformly through the month of July, or the 
equivalent of approximately 1 second-foot to 100 acres, measured at the land. 
The maximum diversion duty for this unit, with the assumed canal losses, is 
approximately 1 second-foot to 65 acres. 
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Domestic Use. Some of the lands under the unit will require water through 
the canal system for domestic supply during the non-irrigating period as well 
as during the irrigating period. It has been assumed that the equivalent of 
0.5 acre-feet per acre measured at diversion point will be sufficient. It is 
evident that, in neither the canal capacity required nor in the supply durin«r 
the non-irrigating season, will this question enter, for the canal system is many 
times larger than required for such supply and it is evident that the storage 
contemplated is but a very small portion of the river discharge during the 
non-irrigating season of the year. 

State Tumalo Project Extension. There has been suggested the possibility 
of extending tihe State Tumalo Project to cover certain areas north of the 
present State project. Project Engineer O. Laurgaard was requested to pro 
pose any such extension which, from his knowledge of the situation, might 
appear most attractive. He consented to do this, and was authorized to employ 
computers to assist him in preparing an estimate which, together with his pro 
posal, was submitted under date of May 12, 1914. 

Briefly, the extension of the Tumalo Project proposed involves the enlarge 
ment of feed canal from Tumalo Creek to Tumalo reservoir, increase of storage 
capacity in Tumalo reservoir by raising both Tumalo and Bull Creek dams. 
enlargemeiit of main canal northeast from Tumalo reservoir to Cline Butte.s and 
construction of laterals to cover approximately 10,500 acres of the southern 
part of t-he West Side Unit, as shown on accompanying map. 

Extracts from Mr. Laurgaard 's report, together with estimated cost and 
conclusions, follow: 

"From a HydroRraphic study of the flow of Tumalo Creek, it Is found that th? 
irrigation year from October 15, 1910, to October 15, 1911, is a low year, with a run- 
off of about 78,000 acre feet. This flow, however, is at the gauging station above 
all diversions of Tumalo Creek. The new diversion of the feed canal is nine miles 
below the old gauging station and from practically simultaneous readings on the 
creek, it has been estimated that an additional ten square miles of drainape fir<^a 
will increase the flow of Tumalo Creek about 3,627 acre feet. In addition to thi?. 
the State of Oregon this season expects to divert Crater Creek and Little Crater 
Creek with several springs which have their source from a glacier near the top of 
Broken Top Mountain, from their natural drainage basin into the Tumalo Basin 
From a preliminary study made in 1911 the estimated flow of these creeks and 
springs would be about 13,200 acre feet. Bull Creek spring flows between one and 
two cubic feet per second continuously into the reservoir, which would supply on an 
average about 1,000 acre feet per annum. The estimated annual rainfall of th» 
reservoir area would be about 1,000 acre feet. The annual run-off from the drain 
age area of Tumalo reservoir, which is about 25 square miles, is problematical with 
no definite knowledge at hand, but in this report It will be assumed that this run- 
off, which in some years would be considerable, would just offset any possiM' 
seepage loss from the reservoir. Therefore, the total amount of water supply avail- 
able for the Project during the lowest year on record for nine years from 1905 to 
1913, inclusive, is as follows: 

Acre (ff-^ 

Tumalo Creek at gauging station 78.00'^ 

Estimated increase at diversion point 3.62- 

Estimated flow of Crater Creek IS.JOt' 

Rainfall on reservoir area 1.^'*^'^ 

Flow of Bull Creek Spring 1,'^"^' 

Total water s'ipply available ^6.^-' 

Against this water supply available, there would occur the following losses: 

Acre fe^t- 

Losses due to limited capacity of feed canal, overflow of Tumalo Creek ^'^^ 

Seepage losses from the feed canal, which will be estimated at 1 per cent per 

mile for the earth portion of the canal 5,'»?5 

(The indications are that these seepage losses will be less than this estimate.) 
Losses through interference with ice during the winter season, from Broken 

Top diversion 1 ^'''^ 

Through interference with Ice on Tumalo Feed Canal 2.700 

By seepage losae.s from Wimer Canal 1-*^'*" 

By evaporation from the reservoir 4.0"'? 

By seepage losses for 12,000 acres to be irrigated above the reservoir, after 
seepa/tje losses have been deducted for the feed canal and Wimer canal; 25 

per cent of 1.8 acre feet to be delivered net S*^*^ 

Losses for 10.500 acres to be irrigated from the reservoir, computed at 25 per 

cent of the net delivery at l.S acre-feet for the season 4."'--' 

Losses for 10,500 acres distribution system for the Tumalo Extension, at 30 

per cent of the net delivery of 1.67 acre feet per acre 4.2r'fl 

Seepage losses from the outlet of the reservoir to the beginning of the Irriga- 
ble land of the Tumalo Extension unit, which has been computed on a basis 
of 1 ft. loss of the wetted perimeter of the canal per day for 100 days irri- 
gating season, on the total length of the canal of 549 stations T.OOO 

Total losses 36.S31 
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"The requirements for Irrigation according to the estimates as worked out on the 
Tumalo Project, net on the ground, would be 22,500 acres at 1.8 acre feet, or 40.500 
acre feet. The amounts required for the Tumalo Extension as estimated on the co- 
operative work is 10,500 acres at 1.67 acre feet, or 17.500 acre feet, making a total 
of 58,000 acre feet, required for irrigation purposes, net on the ground." 

"The amount required for irrigation purposes and the total estimated losses 
would Indicate that 94,831 acre feet would have to be available for a complete irri- 
gation of 33.000 acres. It Is found, however, that the total amount available from 
all sources is only 96,827 acre feet, leaving only a surplus of 1,996 acre feet. How- 
ever, i^ Is believed that the foregoing estimates are very conservative, especially 
on the losses from interference through Ice, and seepage losses on the feed canal 
and our main canal from the reservoir. Also no addition has been made for the 
inflow into the reservoir from the 25 square miles of drainage area which, from best 
knowledge, we know at some seasons is considerable, but neither have we considered 
any seepage losses from the reservoir which may be of some consequence, although 
Indications at the present time are that the reservoir will be tight.*' 

"In view of the above. It would not be policy to consider the actual irrigation 
of 10,500 acres additional from Tumalo Creek, until the seepage losses from the 
rpser\'oir and the present feed canal are determined with some degree of certainty, 
and until the flow of Crater Creek can be ascertained by measurements for at least 
one season, to determine the amount that could be utilized." 

"Should It be determined that the water supply Is sufficient to Irrigate 10,500 
acres additional, It will be necessary to increase the capacity of the Tumalo Feed 
Canal from 225 cu. feet per second to 350 cu. feet per second. The capacity of the 
reservoir would also have to be increased from 20,000 acre feet to 32,000 acre feot. 
With a capacity of 350 cu. feet per second for the feed canal we could divert all 
of the Tumalo Creek flow, except 608 acre feet and a portion of this could also be 
obtained from the old Columbia Southern Canal and Wlmer Canal, both of which 
are now owned by the State of Oregon. In order to obtain a capacity of 32,000 acre 
feet for Tumalo Reservoir, it will be necessary to reconstruct Bull Creek Dam, 
which will also serve as spillway for the reservoir, and raise it some ten feet In 
elevation, or from 3,511 to 3.521. It will also be necessary to raise Tumalo Dam 
ten feet In elevation, from 3.518 to 3,528. This report will Include an estimate for 
the enlargement of Tumalo Feed Canal, reconstruction of Bull Creek and Tumalo 
Dams, the enlargement of Tumalo Main Canal from the reservoir, and the construc- 
tion of a new canal around Cline Buttes to Dry Canyon." 

Siunmary: The estimated cost of irrigating 10,500 acres In the Tumalo Exten- 
sion Project by the enlargement of the Tumalo Feed Canal. Tumalo Reservoir, Tu- 
malo Main Canal and the construction of the Main Canal of the Tumalo Extension 
may be summarized as follows: 

Land Damages I 14,625 

Fefd Canal 67,064 

Bull Creek Dam 15,111 

Tumalo Dam 37.140 

Main Canal 80.045 

Main Canal, I^ateral "A" 46,180 

Main Canal, Tumalo Extension 79,437 

Distributing System, 10,500 acres @ $8.00 84.000 

Total $423,^02 

Engineering, Contingencies, Insurance, Incidentals, etc., 15 per rent 63.540 

Total $187,142 

Estimated cost per acre for 10,600 acres. $46.40. 

Conolnston. *'The lands under the Tumalo Extension Project are very suitable 
'or the raising of forage crops, dairying and stock raising. Among some of the 
principal crops that may be raised are alfalfa, clover and vegetables. On account 
of the actual short growing season and the cold nights, it has been th^ practice up 
to the present time to cut only two crops of alfalfa and clover, pasturing the third, 
out it Is believed that after large areas, under a Project such as the Tumnlo and 
Tumalo Extension, have been cleared of sage brush and juniper trees, the frost con- 
ditions will be materially improved and that eventually three crops of clover and 
alfalfa may be harvested. There have been three crops cut on special occasions by 
various farmers In the vicinity. With the limited amount of lands in the Central 
Oregon country adapted to Irrigation and considering the very high price that hay 
and forage crops command in this vicinity contlnuou.sly. it is believed that the 
price as estimated of $46.40 per acre is not excessive and that the lands are erood 
security for that amount, especially should the first paym«*nt be very amnll and the 
deferred payments be carried over a period of say 15 to 20 years without intf^rcst, 
as is the custom with Government projects." 

"Although all of the canals have not been actually located for this estimate, the 
RTOund has been rather thoroughly covered to obtain a reliable estimate. The unit 
prices used are not excessive but It is believed are liberal and the work should be 
done for the estimated price." 

"In view of the close relation between the amount of water supply available for 
the Tumalo Extension Project and the amount that will be required, it would not 
oe good policy to consider the actual construction of the Tumalo Extension Project 
at this time, before the actual losses from the Tumalo Reservoir have been deter- 
mined with some degree of certainty, and until the actual amount of water that 
may be supplied from Crater and Little Crater Creeks may be measured; especially 
IS the Tumalo Reservoir will be completed about Oct. l. 1914. and the waters of 
Crater and Little Crater Creeks determined and diverted before that time." 
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At the time the possibility of an extension to the Tumalo Project was dis 
cussed by Mr. Laurgaard and the estimate prepared, a water use of 1.67 acre 
feet per acre, measured at the land, had been tentatively assumed, and a 30 
per cent loss in the distributing system. 

Water requirements for the West Hide Project subsequently agreed upon 
for the Oregon Co-operative Work investigations, was fixed at 2.2 acre-feet per 
acre, and a further domestic use during the non-irrigating period of 0.3 acre- 
feet per acre, measured at the land. 

The 30 per cent loss in the distributing system was also figured as 30 per 
cent of the gross amount delivered to the canals and not of the net amount 
delivered at land. 

The loss in distributing systems under these assumptions, for the area pro- 
jposed by Mr. Laurgaard, would therefore be 11,250 acre-feet. 

The seepage losses from the outlet of reservoir to beginning of irrigable land 
of the extension, would also be somewhat larger. The actual amount of water 
required to be delivered, under the water use assumed subsequent to the prep«- 
ration of Mr. Laurgaard 's estimates, would be increased from 17,500 acre feet 
to 26,250 acre-feet. 

The evaporation from reservoir on account of increased storage required, 
would also be somewhat increased. On these assumptions, therefore, the in- 
creased amount* of water required would be not less than 16,000 acre-feet, and 
the total amount of water required for Tumalo Project under the water use? 
adopted for that project, together with the proposed extension and the water 
use assumptions made by the Oregon Co-operative Work investigations, would be 
not less than 111,000 acre-feet. Mr. Laurgaard states that the total amount 
available from all sources, including certain proposed and uncertain increases: 
from Crater Creek, would be but approximately 96,800 acre-feet. 

If the additional supply assumed to be required were available, the incieascd 
cost of feed canal, Tumalo and Bull Creek dams, would probably be between 
$40,000 and $50,000, but if it is called $40,000, and the estimate for engineer 
ing, administration, and contingencies increased from 15 per cent to 2o I'cr 
cent, at* in the Oregon Co-operative Work estimates, the total cost for the 
Tumalo Project Extension proposed would be $579,500, or approximately $55.l)u 
per acre. 

Estimated Cost of Proposed West Side Unit. The area proposed for this West 
Side Unit is 15,630 acres. The estimated cost is for storage, diversion dam at 
Aubrey Falls, with alternative diversion at Laidlaw, main canal to distributing 
laterals, and distributing system. 

A net stored supply of approximately 40,000 acre-feet is shown to be required. 

The physical conditions at Crane Prairie dam site are such that the construc- 
tion of a dam to store as much as 55,000 acre-feet, will cost very little more 
than construction to store 40,000 or 50,000 acre-feet. For this reason, and in 
order to provide for evaporation and possible seepage losses, it is proposed to 
construct Crane Prairie dam to raise the water 17.0 ft. and thus provide a 
storage capacity of 55,000 acre-feet. 

The design on which tihis estimate is made is such that whenever it may be 
required in the future the structure may be increased at minimum cost. An 
increase of approximately 9.5 ft. in height of dam will provide storage for the 
mean estimated run-off of 110,000 acre-feet available during the non-irrigating 
season. 

Following is estimated cost of completed project for 15,630 acres, independent 
of other development: 
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Value of Aubrey Falls Dlvenion Dam to Other Future DeTdlopment. From 
the surveys and investigation made of Deschutes basin as a whole, practically 
completed studies show that a North Unit of approximatiely 100,000 acres of 
land north of Crooked Biver can be irrigated by water from Deschutes Biver 
and that the most economical diversion point is the Aubrey Falls site proposed 
for this West Side Unit. 

Discussion of this at length will be made in the general report now beiag 
prepared but, without going into it further at this time, it may be stated that 
the diversion elevation adopted for the West Side Unit, is well adapted to a 
North Unit diversion. 

The amount of water estimated to be required at the diversion for the Nortli 
Unit is very close to five-sixths of the amount required for both West Side and 
North Units. While the entire cost of the Aubrey Falls diversion is included 
in the estimate herewith for the West Side Unit, five-sixths of its cost, $134,000. 
will be a proper charge against t<he North Unit whenever it is taken up and 
therefore a credit of this amount to the West Side Unit would be made at that 
time. Such a credit will reduce the actual cost of West Side Unit to $34.S7 
per acre. 

Altematiye Plan With Diyersion at Laldlaw. The preceding plan involves 
construction of the comparatively expensive Aubrey Falls diversion dam. Should 
the North Unit, north of Crooked Biver, be built later, five-sixths of the cost 
of Aubrey Falls diversion would properly be charged to the latter Unit a* 
noted. Since the construction of the North Unit is by no means assured, the 
advisability of adopting Aubrey Falls diversion is questionable if any other 
diversion involving less total investment for West Side Unit is practicable. 

A low diversion opposite Laidlaw, with unlined earth canal and metal flume 
construction on east side of river, crossing to west side about fifteen hundred 
feet above Little Falls, as shown on map, and joining the Aubrey Falls canal 
location, will provide a plan requiring approximately $32,000 less investment 
for the entire Unit. 

As partly affecting this, will be the higher operating and maintenance* 
charge, and tlie probability that if the Aubrey Falls diversion dam is ever 
built, the West Side Unit would be required to absorb a part of its cost, at \east 
to the extent of its estimated worth to the West Side Unit., in reducing opera- 
tion and maintenance cost. 
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Kstimated investment, for these successive developments are as follows*. 

Anbrty Falls Dlvaralon Alt«matiT«. 

Flzat D«T«lopmMit. 

For 6.600 acres — 

Aubrey Falls Diversion $X ^X.OOO 

Main Canal to Mile 14.3, omitting^ wasteway at Mile 11.3. fencing, 
turnouts, and all construction not essential to the irrigation 

of this area 204.000 

Distributing laterals for this area only and omitting drainage 

allowance 80,850 

*jj5 $50 

ttocoiid Dttv«lopm«nt. * 

For a total of 11.000 acres — . 

Additional for distributing laterals ff-S 

Additional for Main Canal 35^ 

TUrd D«T«lop]n«]it. 

For the total area of 15,630 acres — Tfi-^** 

Additional for distributing laterals, including drainage ""Ta^M^- 

Fonrth and Final Dttv^lopnuiit. 

For completed project — 6S/>'^0 

Crane Prairie storage • 

$679.00.) 
Total 

Z^aidlaw DiTarslon AltematlTa. 
First Drralopmiaiit. 

For 6.600 acres — 

Laidlaw Diversion Weir ^ ^5S*n0ft 

Main Canal ^cn 850 

Distributing laterals for this area, omitting drainage allowance. . ^^__ll,.— ^ 

Sscond Dsvalopmant. 

For a total of 11.000 acres — 
Additional for distributing laterals for this area 53.rio.i 

TUrd DSTalopmant. 

For the total area of 15,630 acres — 

Additional for distributing laterals for this area. Including drain- 
age allowance 76 .^r.^ 

Fonrtb and Final Devalopmant. 

Crane Prairie storage ^'^tOn 

Total '*'^ A^ 

NORTH UNIT. 

The proposed North Unit, as finally adopted, covers 99^ 
of irrigable land. The irrigable areas are shown on Sh^^^ ^(^r©? 
to 30, inclusive, by diagonal hatching. It was found in^p^J ^^. ^1^ 
to serve lands to the east of Hay Creek and uneconomical ^^^^^^U^ y 
the Ilay Creek bottom lands; these areas, therefore, have k^ ^^^^> x. 
eluded. The lands included in this unit are generally aj? fn^.?^ ^^- 
the best lands in the West Side Unit; moreover, due to their ^ ^"^ 
what lower elevation and greater distance from the Cascade M ^^~ 
tains, they are in a measure more free from summer frosts wh*^ 
occur in the region covered by the other units lying south of CrookerJ 
River. The extreme nortrheastern portion of this proposed North 
Unit is very rolling. 
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This unit has the great advantage that two railroad lines extend 
practically its entire length. 

Water Required. The assumed monthly use of water for the North 
Unit during the irrigating season, measured at the land, and ex- 
pressed in feet of depth, is as follows: 

May June July Aug. Sept. Total 

0.3 0.5 0.6 0.4 0.2 2.0 

Seepage losses in distribution laterals have been placerl at 25 per 
cent of the water delivered at their heads. 

These losses are low, owing to the fact that the slope of the laud 
is generally so great that concrete lined laterals have been planned, 
as being more economical to build and maintain than unlined chan- 
nels. Seepage loss in the main canals is estimated at one inch in 
depth per day over wetted area. All main canals are proposed to be 
concrete lined. 

The resulting assumed monthly diversion requirements per acre 
are as follows, expressed in acre-feet: 

May June July Aug. Sept. Total 

.405 .675 .81 .54 .27 2.70 

For domestic and stock use during the non-irrigating season, an 
allowance of 0.5 of a foot in depth per acre, measured at the point 
of diversion, has been allowed for this unit, this being equivalent to 
a continuous diversion of about 120 second-feet. Probably this allow- 
ance is entirely too large; with concrete canals, a continuous flow 
of only a small portion of this quantity will be sufficient to supply 
all requirements and keep the channels sanitary by flushing. The 
quantity is clearly on the safe side. 

The total assumed diversion requirements for the North Unit for 
the year, expressed in acre-feet, is as follows: 

May June JuJy Aug. Sept. Total 

4\)/2{){\ 67,000 S0,400 53,600 26,800 268,000 

Xon-irrigating season 49,500 



Annual 317,500 

As already indicated, any irrigation development with water from 
Deschutes River below Benham Falls, beyond that required for 
irrigation works constructed, or under construction, will require 
storage, if the various Carey Act and other projects holding prior 
rights to the natural flow proceed to a full development. Por pur- 
poses of this investigation it is necessary to assume that such will be 
the ease, and that the North Unit must derive the greater part of its 
irrigation supply from storage works. The canal system is designed 
for a duty of from one second-foot for 76.5 acres at the diversion to 
one second-foot for 103.2 acres at the land. The location of main 
canal is shown on Sheets No. 26, 27, 28 and 30, in heavy dotted lines. 

Diversion. The point of diversion determined upon for this unit 
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is the Aubrey Falls diversion site, in conjunction with diversion to 
the "West Side Unit from the same point. Construction of this Aubrey 
Falls diversion dam contemplates the distribution of the cost to the 
North Unit and the West Side Unit, in proportion to the volume of 
water diverted to each. 

SOUTH UNIT. 

The area to be served by the South Unit, as finally adopted, totals 
48,460 acres of irrigable land. The main body of this irrigable land 
lies east of the Horse Ridge lava beds and the Dry River Bed, and 
approximately 30 miles from Deschutes River. The irrigable areas 
are shown on Sheets No. 34, 35, 36 and 37, by hatching. 

In the past, the irrigable area which could be served by the main 
canal system contemplated in this unit, had been said to amount to 
about 75,000 acres. However, the high cost of constructing the irri- 
gation works, considering the climatic conditions and the character 
of the soils existing over the district comprised in this South Unit, 
made it necessary to eliminate from the unit, all lands which tended 
to increase the acre cost of construction. Pursuant to this decision, 
areas to the north of Powell Buttes and south of the main high line 
canal at its eastern end were eliminated, the former owing to the 
character of the lands and the cost of serving, the latter owing to 
the cost of holding up the grade of the main canal in order to serve 
the same. Some of the lands about Powell Buttes and Horse Ridge 
or Bear Buttes are very fertile and, so far as economical, have been 
included in this unit. 

West of Horse Ridge lava beds are some 6,000 to 7,000 acres of 
land to be served, which are very similar to those found in the region 
, immediately north and served by the Central Oregon Canal. 

; The Dry River Bed, after cutting through Horse Ridge in a can- 

i yon several hundred feet deep, immediately opens out and forms a 

^ broad bottom without any distinct boundaries or shore line until 

Powell Buttes are reached, where it again enters a canyon. This 
bottom between these two canyons appears to have a sandy soil and 
it is probable that a relatively large amount of water will be re- 
quired to irrigate it. No wells exist in this region. A prospective 
well at the mouth of the Dry River Bed canyon through Horse Ridge, 
which was sunk to a depth of 100 feet, did not reach water or bed- 
rock. 

Water Requirement. The assumed monthly use of water for the 
South Unit, during the irrigating season, measured at the land and 
y expressed in feet of depth, is as follows: 

May June July Aug. Sept. Total 

0.3 0.6 0.6 0.6 0.4 2.5 

Although the climate of this unit is so influenced by elevation 
and location that the irrigating season is liable to be somewhat 
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shorter than that for the other units, the character of the soils is 
such that the volume of water used will, apparently, be greater. 

Seepage losses in distribution laterals have been assumed at 30 per 
cent of the water delivered at their heads. Seepage losses in the 
main canals have been assumed at one foot in depth per day over 
wetted area, for unlined sections, and one inch in depth per day over 
wetted area for lined sections. 

The resulting assumed monthly diversion requirements are as fol- 
lows: 

May June July Aug. Septu Total 

0.470 0.955 0.955 0.955 0.635 3.97 

For domestic use during the non-irrigating season, an allowance 
of 0.5 of a foot in depth per acre, measured at the point of diversion, 
has been allowed for this unit. The total assumed diversion require- 
ments for the South Unit for the year, expressed in acre-feet, is as 
follows : 
May June July Aug. Sept. Total 

22,800 46,300 46,300 46,300 30,800 192,500 

Non-irrigating season 24,200 



Annual 216,700 

As already indicated, any irrigation development, with water from 
Deschutes River below Benham Falls, beyond that required for 
irrigation works, constructed or under construction, must for present 
purposes be assumed to recjuire storage, and the greater part of the 
supply for this South Unit during the irrigation season must be so 
obtained. The canal system is designed for a duty of one sec- 
ond-foot to 64 acres, at diversion, and one second-foot to 103 acres 
at land. The location of main canal is shown on Sheets No. 23, 34, 
•35, 36 and 37, in dotted lines. 

Diversion. The point of diversion proposed for this unit is at Lava 
Island Falls. This location is quite definitely fixed for the reason 
that, on the one hand any diversion further up the river would re- 
quire a canal along the lava beds which border the river on the east 
bank from Lava Island Falls to Benham Falls, while on the other 
hand any lower diversion point would not command certain con- 
trolling passes west of the Dry River Bed. 

EAST SIDE UNIT. 

The area east of Deschutes River and South of Crooked River to the 
Central Oregon Canal may be considered as an East Side Unit, al- 
though as planned by the Central Oregon Irrigation Company, which 
has already constructed canals to cover the larger part of this area, 
it will be served from two diversions; the present Central Oregon 
diversion and canal, now completed, and the North Canal dam and 
main canal, still incomplete. 
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It has been claimed that water could be carried from the Pilot 
Butte canal, owned by the Central Oregon Irrigation Company, down 
the peninsula between Deschutes River and Crooked River, to cover 
an area variously estimated at from 6,000 to 10,000 acres. Surveys 
which developed topography additional to that available from the 
Central Oregon Irrigation Company's surveys, showed that these 
lands could only be reached by an impracticably long and expensive 
pipe line, owing to the fact that the elevation of the connecting land 
between the Pilot Butte Canal and the peninsula is too low to use 
a canal. 

In view of the uncompleted condition of this North Canal, com- 
parative estimates of cost were made between the Aubrey Falls di- 
version, with canal to Crooked River crossing, and a diversion at 
North Canal dam, by enlarging the portion of canal at present con- 
structed, with continuation of the same to Crooked River crossing. 

The length of line from North Canal Dam to Crooked River cross- 
ing is approximately 26 miles, while from Aubrey Falls it is but 18.3 
miles. Taking the North Canal dam and canal as it stands, it is esti- 
mated that to enlarge the canal to the capacity necessary for serving 
the North Unit, the Pilot Butte and Central Oregon systems as pro- 
posed by the company, and continuing it to to the Smith's Rock 
crossing of Crooked River, will cost, exclusive of any amount which 
might be paid the Central Oregon Irrigation Company, not less than 
$1,100,000, while the cost of a system delivering an equal amount 
of water from Aubrey Falls diversion will be $907,000, including the 
proportionate part of cost of Aubrey Palls diversion dam. 

It appears therefore, that, unless the North Canal be developed 

to serve the Central Oregon Company's North Canal Unit of between 

i 35,000 and 36,000 acres, in conjunction with the delivery of water 

for the North Unit at the crossing of Crooked River, it cannot be 
5 considered at any price for the North Unit. 
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EAST SIDE UNIT. 

Valuation of North Canal Unit — Central Oregon Irrigation Com- 
) pany — Bulletin No. 1. There remains between the Pilot Butte canal 

system and the Central Oregon Canal system, a net area of some 35.- 
000 acres of irrigable land, which is known as the North Canal Unit 
i of the Central Oregon Irrigation Company project. The Pilot Butte 

\ Canal is served by the North Canal of the North Canal system, which 

? is completed from the diversion to a junction with the Pilot Butte 

^ Canal. 

I Tentative proposals have been made that the existing North Canal 

"^ dam and canal be taken over by the State or the Reclamation Service, 

i or both, for a money consideration, with the provision that tho 

Reclamation Service deliver 306 second-feet during the irrigation 
I'll 
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season to the Pilot Butte Canal, and 114 second-feet at some point 
for the Powell Butte lateral of the Central Oregon Canal system. 

In conformity with an agreement between the State authorities and 
the Reclamation Service, an estimate of the value of the property 
proposed to be turned over was made by Joseph Jacobs, Consulting: 
Engineer, United States Reclamation Service, E. G. Hopson, Super- 
vising Engineer, United States Reclamation Service, and John H. 
Lewis, State Engineer for Oregon. The estimated valuation and cost 
of completion, as submitted by this Board, was issued as Bulletin 
No. 1 of the Oregon Co-operative Work and is as follows, omitting 
introductory matter covered by this report: 

Ibdstiiig Works. The portions of the North Canal system already completed 
or partiaUy completed, consist of the headworks on the Deschutes River one 
mile below the town of Bend, of the main canal from the headworks to the 
junction with the PUot Butte Canal, a distance of 1.4 miles, and of laterals 
for 978 acres of land. 

The diversion dam is a concrete masonry structure, curved in plan but of 
gravity section, and having a maximum height of 40 feet above lowest founda- 
tion, an over-all length of 300 feet and a spillway length of 148 feet. In addi- 
tion to the spillway, it is provided with four wasteway openings, each 12 feet 
wide, one fishway opening 6 feet, wide and one opening 6 feet wide for the 
Swalley Ditch, all having their sills 6 feet below crest of spillway, and all con- 
trolled by wooden flashboards or needles. 

The intake for North Canal is also a concrete structure. It is located on the 
light bank of the river, and is separated from the dam proper by about 35 feet 
of rock ledge. It is provided with four openings, each 5 feet wude by 7Vj feet 
deep, controlled by steel gates and hand operated screw stands. This, intake 
And the dam, which together constitute the entire headworks, have been com- 
pleted. 

These works are of substantial design and construction, and are ample to 
meet the purposes they are intended to serve. A criticism that has been made 
by some, is that the concrete is less dense than would ordinarily be expected in 
works of this character. The stone and sand required for the concrete were 
obtained by crushing the native lava rock at the dam site, no nvor gravel 
being available, and it appears that the crusher used did not supply a sufficient 
amount of fine sand, the result being a rather porous concrete that permits some 
seepage of water through it. 

The stability of the present structure is not questioned, but this feature of 
porosity and resultant seepage through the concrete, might induce the leaching 
out or dissolution of the cement to an extent sufficient to ultimately weaken 
the concrete and, as a precaution against such a contingency, may necessitate 
the treatment of upstream face of dam with some substantial waterproofing 

proress. 

The main canal, which has a length of 7,460 feet from intake to Pilot Butte 
Canal, has been only partially completed. It lies for the most part in heavy 
rock cutting, and is intended to be concrete lined throughout. The excavation 
has been about 96 per cent completed, and the concrete lining, which is 4 inches 
thick, about 33 per cent completed. The finished canal section has a bottom 
width of 12 feet, side slopes of ^4 to 1, provides for a wat-er depth of 8. 2.1 feet 
and a carrying capacity at that depth of about l.OoO second feet. 

The concrete lining of canal is subject to the same criticism, as to porosity. 
as that offered with respect to the dam and headworks. It may also be noted 
that somewhat flatter side slopes than Vi to 1 would have been bettor con- 
struction, and revision of this feature for the unfinished portions of canal might 
well be considered, should completion of the project be undertaken by the 
State and Government. All of this work, i. e., the dam and headworks and por- 
tions of main canal, was done during the period March to December, inclusive, 
of 1912, and they may therefore be regarded as practically new. 

Initial Cost of Existing Works. In an estimate of the total coat to April 1, 
1914 of the North Canal system, the Central Oregon Irrigation Company sub 
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mits the following tabulation of such total cost, together with details of the 
makeup of each item, which latter it seems unnecessary to include in this report: 

Initial expense of securing segregration I 56,818 

Dam and headworks 88,061 

Main canal, Sta. to Sta. 74-f 60 86,167 

Surveying ll,5Bs 

Overhead expense 50,293 

Development expense 125,000 

Miscellaneous 10.593 

Total 1426,990 

The difficulties with which private irrigation companies have had to contend 
during the past decade in tthe promotion and development of their enterprises 
are fully appreciated, and neither the accuracy nor legitimacy of the above men- 
tioned expenditures as related to the operation of the Central Oregon Irrigation 
Company is questioned. No critical analysis of those intangible elements of 
oosti, such as development expense, initial expense of securing segregation, etc., 
which bulk so large in the above estimate, has been attempted. The following 
view has been accepted as a basis for this report: However much or little may 
have been expended in bringing this project to its present status, it appears that 
the only items that could now be offered for transfer and delivered in the 
event of purchase, and therefore the only items which can be properly consid- 
ered, are those physical or tangible elements of property which can actually be 
used as parts of a completed project. 

It is not intended by this that value may not attach t<o properties by reason 
of certain intangible elements, as, for instance, franchise rights and develop- 
ment work which has succeeded in bringing a property to the status of a 
** going concern,^' or at least of putting it in such condition as to enable it to 
finance itself and proceed with its construction. Apparently, however, these 
conditions do not obtain in this case, the only real asset now attaching to the 
project being these partially completed works, and even these are negotiable 
only in connection with this particular project. 

It is of course proper to allow, in addition to the actual field cost of the 
physical works, a reasonable charge for overhead expense upon such items, and 
a reasonable interest on investment during t«he period of construction. Upon 
this basis the initial cost of tangible assets has been estimated, as tabulated 
below, all items included being identical with the items listed in the Company's 
estimate except that of overhead expense, which has been reduced to apply to 
constructed works, and also except that of constructed laterals, which appar- 
ently were not included as such in the Company's estimate. 

Dam and headworks S 8S.061 

Main canal, Sta. to Sta. 74+60 85,167 

Surveying — Canal locations and subdividing 11,920 acres into 40- 

acre tracts 16.912 

— Topographic mapping of 54,022 acres 4,646 — 11,558 

Completed laterals for 978 acres @ |4.00 (Estimate) 8,912 

Miscellaneous — Undistributed vouchers against dam and main 

canal 13,093 

— Interest on investment during construction period. 7,600 — 10,593 
Overhead expense, 10,^ of above items 19,929 

Total $219,220 

Called 220,000 

Present Value of Existing Works. To arrive at present value of existing 
works, the method of determining the coat of reproduction new has been 
adopted; no deduction has been made for depreciation, for the reason that the 
works are practically new at this time, and because any assumption as to the 
sli}^ht depreciation whicli the works may have suffered since completion would 
be purely theoretical and unwnrranted. 

The Company's estimates of quantities have been accepted as correct, except 
in one instance, and its unit costs have also been adopted, these being chanj^ed 
only where they a])peare(l unduly hi<^h. In other words, there has been no 
attemi)t to scale down the Company's actual costs to a theoretic minimum cost 
of reproduction, hut rather to develop a fairly conservative estimate of repro 
duction co.st based on events thnt actually transpired. Below are tabulated, for 
the dam and canal, only those items in which changes from the unit costs or 
quantities submitted by the Company in their detailed estimate have been made: 
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Dam and S««dworks 

Cost Reduction 
Diverting river and taking care of water in foundation excavations (lump 

sum) 11,942 

Dam excavation between elevations 3560 and 3555 (W. S. at Elev. +3561;, 

1129 c.y 7 1,772 

Dam excavation between elevations 3555 and 3549. 489 c.y 924 

Cyclopean concrete in dam, 5277 c.y 3,536 

Total 18,174 

Estimate for cost of dam and head works is therefore - $88,061 minus $8,174 
equals $79,887. Called $80,000. 

Main Oaaal 

Cost Reduction 

Rock excavation, 34,632 c.y $13,509 

Concrete canal lining, 1.252 c.y. per Company's statement and 835 c.y. per 

this estimate 6,205 

Trestle crossing of Oregon Trunk Railway* 478 

$20,192 
Estimate of cost for main canal is therefore $85,167 minus $20,192 equals 

$64,975. Called $65,000. 

As the other features of the Company's estimate were accepted without 

change, the total estimated cost of reproduction new would be as follows: 

Dam and headworks % 80,000 

Main canal, sta. O to sta. 744-60 65,000 

Miscellaneous items for dam and canal as covered in the Company's esti- 
mate by undistributed vouchers 3,093 

Laterals for 978 acres 3,912 

Surveying 11,658 

Overhead expenses, lOi of above items 16,356 

Interest on Investment during construction period (^ above amount, 9 

mo. e ^i) 4,048 

Total 1183,967 

Called 184.000 

£xistiiig Land and Water Bight Contracts. Among other features of the 
Company's proposal is that water rights shall be recognized and deliveries made 
to 2,200 acres of land already sold by the Company. Of tihese 2,200 acres, 978 
acres are now receiving water from the Central Oregon Canal, and the remain- 
ing 1,222 acres, which are now dry, could be similarly served if necessary. The 
lands, however, fall naturally within the North Canal Unit, and should properly 
be served by it. The proper treatment of such land, in event of purchase of the 
Company's assets, would be to include it as part of the project, recognizing its 
water rights, so far as the land owners are concerned, but charging the actual 
cost of providing water, i. e., the initial cost of irrigation, to the Central Ore- 
gon Irrigation Company, which has already received partial payment for these 
water rights and to which the balance due w411 be paid by the settlers. 

Pilot Butte and Powell Butte Canals. Another feature of the Company 's pro- 
posal is that deliveries of 306 second feet and 114 second feet, respectively, shall 
be made to the Pilot Butte Canal and to the Powell Butte Extension of the" 
Central Oregon Canal, the former at a point 1.4 miles below the headworks, 
the latter at end of main canal, distant approximately l.S miles from headworks. 

There appears to be no warrant for providing works in connection with de- 
veloping the North Canal Unit, to make free deliveries of water to these canals. 
The equitable arrangement would be to apportion the cost of such works ratably 
among all the canals or properties using them, on the basis of actual amounts 
of water carried for each, and such provision has been made in the adjustnicMit 
of costs hereafter shown. 

The canal as now partly constructed will, when comy)lotcd, have a capacity 
not exceeding 1,050 second feet, and it could therefore deliver little more than 
the required supply of 720 second feet for the North Canal T'nit and tlu- .3()f5 
second feet demanded for the Pilot Butte Canal. In view of this condition, no 
attempt has been made in this estimate to provide for a supply for the Powell 
Butte lands, which is regarded herein as an entirely independent proposition 
which may or may not be handled in connection with the construction of the 
North Canal, whose cost should obviously be borne by the Central Oregon Irri- 
gation Company, that company being the sole beneficiary thereby. 

•This item Is excluded because the Railroad Company built the trestle at its 
own expense and owns It, although the Company claims to have surrendered right 
of way on account of It. 
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Cost of Completed Project. On the bnsis of apportionment between the North 
Canal system and the Pilot Butte system for cost of dam and headworks and 
main canal, as above indicated, the estimate of the completed project is as tab 
ulated below, the figures being inclusive of a 25 per cent allowance for en- 
gineering aud contingencies: 



Item 


Amount 


Chargreable to* 


North Canal 
System 


Pilot Butte 
System 


Cost of reproduction now, of existing 
works, per estinjatee hereinbefore 
detailed 


1 


184.000 
43.000 

170,000 
265.000 

:?6n.ooo 

200,000 


$ 129»000 
30,000 

170,000 
265,000 

;{60,ooo 

200,(100 


$55,000 


Cost to complete nuiin canal between 
8ta and sta. 7 1-t-GO 


13,000 


Main canal from sta. 7 4+60 to end 
(16 miles) — Capacity 7L'0 s.f. to »'5 
s f 




Lateral B (17 mih's)-— Cnpaeily r»00 
s f to 100 8 f 




Distribution system for 36,000 acres 
f(f $10 




Storage. 100.000 acre-feet at $2 




Totnls 


$1 


,222.000 


$1,154,000 


$6S.O0O 







•Apportionnunt is on basis of 720 ■-10?r»=r70^ for North (^anal systom. and 306 
-:-l(n:tii 30'* for I'ilot Hutte system. 

Cost per acre for Xorth Canal system is, therefore, $1,154,000 -^ 36,000 =$3*2.06. 
Called $32.00. 

Adjustment with Central Oregon Irrigation Company. A proper adjustment 
with the Central l)re<^()n lrri<^nti(»n Company is a matter of balancing an ac- 
count, involving eerttiiii credits for const rncted works to be transferred to the 
purchaser and certain de))its for works to be eonatrueted by the purchaser for 
the use and benefit of the (^om|)any. This account, from the fibres already 
presented in this report, would make up as follows: 

Credits: For value of oxi^tini? works i)er detailed estimate hereinbefore 

shown $184,000 

Debits: For i)<)rtion ol' v.ilue of d.iin and ].< adworks :in(l tnain 
canal eharu«al)U' to i'ilot l{utt<' syst«'ni (30'j of 

SlSl.itOO) $55,000 

For i»oi-tion ot" cost of eoiiipKt in? main "Mnal, charj^e- 

abU' to IMlnt r.iitt»- .syst.Mn (.".'»> of $K?,'t-HK 1.1.000 

•Irrigation of l'2uo acn'-s of larnl al $:;o f;»;.a00 — 134.000 



$ 50,000 

Common Ownership. In view of the fact that 30 per cent of the completed 
dam and headworks and main canal, has been charged apainst the Central 
Oregon Irrigation Comi>any, ownership to that extent might be deemed vested 
in the Company, the entire works above the junction with the Pilot Butte 
Canal thus becoming a joint ownership proposition, with co-responsibility for 
maintenance and operation. It is assumed, however, that sole control and owner- 
ship by the State or Government, is the only arrangement that would be ac- 
ceptable to all parties, such control and ownership, however, carrying with it 
the responsibility on the part of the State or Government to deliver 306 second 
feet of water to the Pilot Butte Canal and on the part of the Company to pay 
its 30 per cent proportion of the annual cost of maintenance and operation. 

Cash Outlay Required. On this basis the actual cash outlay required to 
complete the project is estimated as follows: 

Pavment to Central Oregon Irrigation Co $ 50,000 

Completion of main canal (Sta. to Sta. 74+60) 43,000 

Main canal below Sta. 74+60 170.000 

Lateral B 265.000 

Distribution system 360,000 

Storage 200,000 

Total $1,088,000 

Cost per acre— $1,08S,000^36,000-2,200=$32.19. Called $32.00. 



•This amount Includes canals to deliver to each 40-acre unit. 
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Alternate Scbeme. Before closing this report, a reference should be made 
to the possibility of developing this North Canal Unit in conjunction with the 
proposed irrigation of that large body of land lying immediately north of 
Crooked Biver and east of the Deschutes River. This latter project contem- 
plates the irrigation of 100,000 acres of land, by diverting from the Deschutes 
Biver at a point about five miles below the present intake of the North Canal. 

It would be possible to utilize the present dam of the North Canal Unit for 
this larger project, and estimates have been made which contemplate a concrete 
lined canal, following the location of the North Canal and Lateral B (see map) 
as far as Crooked River, and having sufficient capacity to serve the 38,000 
acres of the North CanaJ Unit and the 100,000 acres lying to the north of 
Crooked River. These estimates, which were made by the United States and 
the State of Oregon in connection with general studies of Central Oregon irri- 
gation matters now in progress, indicate a cost for this combined project of 
upwards of $50 per acre. 

The utilization of a concrete lined canal instead of the earth canal contem- 
plated for the North Canal Unit alone, would so reduce seepage losses as to 
require less storage than tihe 100,000 acre-feet provided herein. 

Despite this saving on storage, however, it is plain that such a combined 
development, as compared with the independent development of the two units, 
would greatly increase the per acre cost for the North Canal lands. It is also 
a fact that the North Canal lands could not bear this increased cost, whereas 
the feasibility of the 100,000-acre unit is less seriously threatened by the higher 
cost involved in itfi development as an independent scheme. The prospect of 
financing th,e North Canal Unit and of securing early irrigation is far more 
favorable under a scheme of separate than under a scheme of combined develop- 
ment. The combined development has therefore not been favorably regarded, 
and reference to it here only made for the purpose of indicating that it has 
been considered. 

Summary. For convenient reference the principal findings with respect to 
the North Canal Unit and the proposals of the Central Oregon Irrigation Com- 
pany in relation thereto are summarized as follows: 

1. The total area of project is 65,045 acres, of which 55 per cent, or 36,000 
acres, is irrigable. 

2. The per acre cost of the completed project will be approximately $32 per 
acre of irrigable land. 

3. The storage requirement will be 100,000 acre-feet, which storage may be 
obtained in the proposed Crane Prairie reservoir on West Fork of Deschutes 
Biver. 

4. The project calls for no unusual features, is simple of construction and 
is regarded as entirely feasible from both the physical and commercial view- 
points. 

5. The initial cost of works already constructed on the project is found to 
be $220,000, and the estimated cost of reproduction new, $184,000. 

6. The main canal is found to have sufficient capacity to serve only the 
requirement of North Canal project (730 s. f.) and that of Pilot Butte Canal 
(306 s. f.) as demanded by the Central Oregon Irrigation Company. 

7. It is believed that the cost of dam and headworks and main canal above 
its junction with Pilot Butte Canal should be apportioned ratably between the 
North Canal and Pilot Butte systems, on the basis of capacity provided for 
each, to-wit: 720 s. f. for the former and 306 s. f. for the latter. 

8. It is believed that the Central Oregon Irrigation Company should be 
charged the same rate as is charged other lands, for the 2,200 acres to which 
it has already sold water rights and which it desires irrigated from the 
Xorth Canal. 

9. The amount which should be paid to the Central Oregon Irrigation Com- 
pany for the North Canal property, in the event of purchase is estimated to be 
$50,000, the obligations incident to this payment being the deliverv, on the 
part of the purchaser, of 306 second feet of water to Pilot Butte Canal, and 
perpetual payment, on the part of the Company, of its due proportion of 
maintenance and operation cost of all works above the junction wdth Pilot 
Butte Canal. 

10. The cash outlay required to build the project, including payment for 
the works and properties of the Company to be transferred to the State or 
Government, is estimated at $1,088,000. 

11. Attention is called to the fact that all estimates above given are based 
on an assumption that the supply for Pilot Butte Canal will be 306 second-feet. 
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this amount being what has been claimed by the Company as its contract re- 
quirement. Should this supply be found inadequate, a larger proportion of the 
present canal capacity may be required for Pilot Butte supply and correspond- 
ingly less will be available for North Canal Unit. A readjustment will also 
be necessary in the storage supply for North Canal Unit. The estimates of 
cost would therefore have to be revised to meet such differing conditions should 
they prove necessary, but no such revised figures are here given as the charge 
would not be sufficiently large to be a governing consideration in connection 
with the North Canal Unit. 

Appendix — ^By John H. Lewis. The foregoing valuation of the property and 
rights of the Central Oregon Irrigation Company, which may be of value in 
connection with the construction of the so-called North Canal Unit, has been 
arrived at upon the basis of **cost of reproduction'' and includes only those 
physical or tangible elements of property which can actually be used as a part 
of the completed project, without any allowance whatever for intangible ele- 
ments of value. 

The Company believes they are entitled to some allowance for development 
expenses necessarily incurred in segregating the land and holding the project 
intact for many years as indicated in their statement of initial cost of existing 
works. 

In view of the fact that the company has not agreed to turn over this unit 
to the State or the United States, or both acting in co-operation, for any 
figure which such agencies may consider reasonable, and in view of the further 
fact that water rights, plans and information secured under Chapter 87 Laws 
of Oregon for 1913, may ultimately come into the hands of private parties 
having ability to construct the project, and who will not be in the position 
of the United States, with respect to land ownership, it would appear that a 
more equitable basis for valuation would be to arrive at that value which 
would be assessed by a jury in case of condemnation. 

The Company's contract with the State, and the State's contract with the 
United States do not expire until October 17, 1915. A five-year extension is 
allowed by the Carey Act and may be secured by the Company in which to 
complete this project, in view of the fact that the proposed works are partially 
construct-ed. Certain water rights are held under the old law, which may or 
may not lapse in case the Secretary of the Interior refuses to extend the con- 
tract, and these water rights may be of some value if the lands are restored 
to entry in 1915. 

It therefore appears to me that a reasonable sum might be allowed the 
Company for development expenses and for holding the project intact, if con- 
struction is undertaken by others prior to the expiration of their rights. 

In the above report, the reproduction cost of the dam and diversion canal 
is estimated at approximately 10 per cent less than the actual cost claimed by 
the Company. While it is doubtless true that some money was wasted in the 
construction of this work, it is believed that a jury would allow the actual 
coat to the Company if legitimate vouchers for such expenditures can be pro- 
duced. 

The amount allowed the Company for the partially completed works has been 
reduced by $66,000 or the estimated cost of irrigating 2,200 acres heretofore 
•old by the Company within the North Canal project. Attention is called to 
the fact that the Company's lien, or revenue from this sale, when fully paid. 
is only about $40,000. Rather than lose the $66,000 cash in case of sale, the 
Company would doubtless make some arrangement whereby the holders of these 
contracts, who had not made settlement, could exchange for unsold lands under 
the Pilot Butte or Central Oregon canals where the cost of reclamation would 
be somewhat less than under the North Canal. For sold lands, which have been 
occupied and improved, the Company could perhaps arrange to continue the irri- 
gation of these lands through lat4»rals from present constructed main canals. 
This would slightly decrease the area of land to which the cost of the project 
would be apportioned, and would increase the cash payment to the company to 
the extent that exchanges of land could be effected. Such an arrangement 
would overcome what is believed to be a minor inconsistency in the above 
re])ort where $4 per acre is allowed the Company for constructing laterals to 
978 acres of this sold land and for the irrigation of which land under the pro- 
posed project $30 per acre has been deducted from money tiO be paid the Com- 
pany, of which amount $10 is for construction of laterals. 

The foregoing report is based upon the Company's claim that onJy 306 
second-feet of water must be delivered from the North Canal to supply landi^ 
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under the Pilots Butte Canal. For the North Canal Unit, seepage losses aggre- 
gating 50 per cent of the water diverted, are provided for. Existing informa- 
tion indicates that present losses in the Pilot Butte Canal are approximately 50 
per cent. Therefore, to supply the 1.8 acre- feet between May 23 and August 
20, which the Company in its contract with settlers '* agrees to furnish and 
deliver . . . at or within one-half mile of the land to be irrigated," will 
require the delivery of 428 second-feet from the North Canal, instead of 306 
teeond-feet, to supply lands under the Pilot Butte Canal. 

This would make it necessary to charge 42 per cent instead of 30 per cent of 
the cost of the completed portion of the North Canal Dam and the diversion 
canal to its crossing of the Pilot Butte Canal, to the Central Oregon Irrigation 
Company, unless present losses are materially reduced by concrete lining or 
otherwise. 

This increase of 122 second-feet of water for the Pilot Butte Canal would 
result in a corresponding decrease for the North Canal, or a reduction of 6100 
acres in the area to be served, unless the North Canal diversion as now con- 
structed is enlarged and a corresponding increase of storage provided. 

Assuming therefore that the original cost, as claimed by the Company, of 
$219,220 will be allowed; that a development or segregation cost of $56,318 as 
claimed will be also allowed; that the amount of water for ihe Pilot Butte 
Canal is increased 122 second-feet and decreased to sach extent for the North 
Canal lands; that the original cost plus cost of completing the North Canal to 
the junction of the Pilot Butte Canal is assessed 42 per cent to the Central 
Oregon Irrigation Company and 58 per cent to the North Canal; that the Com- 
pany will care for the 2200 acres heretofore sold, and that the area to be irri- 
gated under the North Canal project is reduced by 6100 acres to correspond 
with the reduction of 122 second-feet in water supply, we will have: 

Total cost of the project $1,252,500.00 

Chargeable to North Canal Project 1,142,406.00 

Chargeable to Pilot Butte Canal 110,094.00 

Cost per acre for 29,900 acres North Canal lands 38.00 

Payment to the Central Oregon Irrigation Company... 165,400.00 
Cash outlay required 1,142,406.00 

The Company's offer to surrender it« rights to the North Canal Unit for 
$300,000 seems somewhat excessive. The payment of this amount to the Com- 
pany instead of $165,400 above estimated as reasonable will add $4.50 per acre 
to the cost of the project. The construction cost would thus be $42.50 per acre. 

The cost of the project with reasonable payment to the Central Oregon Irri- 
gation Company as above estimated is thus $38.00 per acre and within the 
value of the land when reclaimed. 

JOHN H. LEWIS, State Engineer of Oregon. 

July IQ, 1914. 

STORAGE REQUIREMENTS. 

The total assumed irrigation use and domestic requirements for 
the full utilization of the flow of Deschutes River above Benham 
Falls is as follows : 



Xame 



Area 



Duty in acre- 
feet per acre 



Diversion in acre-feet 



At 
land 



At di- ] Irrigating Non-irrig. 
version season season 



Annual 



Prior appropriators . 
West Side Unit... 

North Unit 

South Unit 



145,000 
20,325 
99,300 

48,500 



2.2- 
2.2 

2.0 
2.0 



4.0— 
3.45 
2.70 
3.97 



532,500 

70,000 

268,000 

192,300 



57,600 
10,200 
49,500 
24,200 



590,100 

80,200 

317,500 

216,700 



Total 313,125 2.2— 3.53- 



1,063,000 



141.500 1,204,500 



With a total assumed use during the irrigating season of 1,063,000 
acre-feet, of which possibly 63,000 acre-feet may be required by the 
DesChutes Land Company project above Benham Falls, there remains 
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a total assumed use during the season of 1,000,000 acre-feet, meas- 
ured at diversion below Benham Falls. The average natural dis- 
charge of the river during the irrigating season for the period 1905- 
13, inclusive, was 532,340 acre-feet, which would not require storage. 
There would, therefore, have been required for the period, a net 
annual storage to provide 467,660 acre-feet for diversion below Ben- 
ham Falls. 

It is proposed to provide this storage in reservoirs located at Ben- 
ham Falls and Crane Prairie. 

Benham Palls Reflervoir. The region occupied by the Benham Falls 
reservoir site is covered by pumiceous sand, referred to by Professor 
Russell as ** pumiceous lapilli,'' so prevalent over the larger part of 
Central Oregon. Within an area extending from 15 to 30 miles east- 
ward of the crest of the Cascade Mountains, and from Paulina Lakes 
on the south to Lava Butte or Benham Falls on the north, are a 
number of cinder or volcanic cones. Russell counts 42 of them and 
estimates that there are a total of several hundred within the area 
described. Numbers of lava flows of extremely varying character- 
istics exist in this territory, which is, in short, mainly built up by 
successive flows, in layers of erupted volcanic matter. 

In a region of the character above described it is difficult to ob- 
tain any satisfactory basis on which to forecast reservoir seepage 
losses. The fact that the entire region is generally overlain to a 
^reat depth with volcanic ash and pumiceous sand, together with 
the more important consideration that the reservoir occupies the 
bottom of the main drainage outlet of the country, leads to a fair 
conclusion that losses will not be such as to make storage of water 
at this site impractical or uneconomical. 

Above the Lava Butte lava beds a much older and denser basaltic 
flow extends for over a mile along the east side of the river. 

Test borings show that this lava flow is over 100 feet thick and 
extends some 60 feet below the present river bed. That there are 
losses through this older lava flow is doubtful. None are apparent, 
and so far as can be determined there are none. 

Borings at Dam Site A, Sheet No. 21, generally show the first 15 
to 20 feet below the bottom of the canyon, to be sandy, surface soil, 
while the succeeding 40 to 60 feet is a dense, water-tight, clayey 
material, overlying sand, gravel and boulders. 

Borings at Sites B and D (see Sheet No. 21) show less depth of 
this water-tight material than Site A, at the upper end of the canyon, 
while Holes E to K, inclusive (see Sheet No. 69) show more water- 
tight material so far as penetrated. 

It seems reasonable to assume, therefore, that the finer material, 
consisting of volcanic dust and sand, which is the latest evidence of 
eruptive activity in this region, has been carried on downstream by 
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the swifter current as the head of Benham Falls was approached; 
but that above the canyon, in what must formerly have been a lake 
basin, the finer dust, along with the coarser sands and lapilli or 
gravel, were generally deposited until the lake bed was entirely 
filled, the coarser particles in this case sinking to the bottom first, 
followed by finer particles, until the almost impalpable dust was 
reached which lies over all the other deposits. 

In ** Geology and Water Resources of Central Oregon,'' by Russell, 
1905, Bulletin No. 252, already referred to, the geology of Lava Butte 
and the lava beds of some ten square miles adjoining is given in 
much detail and in Professor Russell's customary interesting style. 
He says on page 114: 

'*The lava completely dammed the former course of the river and caused a 
lake to form, which found an outlet across a ridge of acid lava, probably 
rhyolite, on its west border. The outflowing waters cut a deep, narrow canyon, 
through which the river now rushes, forming a series of cascades, known as 
Benham Falls. This feature of the river, and tihe fact that its waters spread 
into the lava during high-water stages, so as to regulate its flow below the 
obstruction, will be described a few pages later in connection with other char- 
acteristics of the Deschutes.*' 

And again on pages 116 and 117: 

*'The lava stream from Lava Butte, as already described, entered the valley 
of Deschutes River and formed a dam. The river, thus turned aside, began to 
erode a new channel across a spur of the old acid lava, which previous to the 
change formed part of its west bank. The new channel is about half a mile 
long, and as the task of deepening it to the depth of the old one is as yet in- 
complete, the waters form a series of rapids, to which the name Benham Falls 
has been given. The fact that the river has not as yet deepened its present 
••hannel to the depth of the adjacent portion of the old channel now occupied by 
recent basalt is also shown by its sluggish flow above the obstructions, where the 
.'rill water is from 10 to 15 feet deep. For about one-half mile above the head 
nf Benham Falls and for approximately 3 miles downstream from the foot of the 
rapids designated by that name, the river is margined on the east, by a rough, 
jrecipitous escarpment of fresh, black, basaltic lava about 40 feet high, which is 
cavernous and intersected by fissures. The river seems to have filled tihe inter- 
stices in the rock adjacent to the fresh lava over which it flows during ordinary 
f-tajjes, but when a slight rise is experienced, the water, after gaining a certain 
l»^vel, escapes into the lava and disappears from sight. At several localities along 
the border of the recent lava, the water of the river, during my visit late in August, 
was observed flowing into crevices in the rocks along the border of the stream, 
and it was apparent that a tendency in the river to rise would be efficiently 
checked in thia manner. The greater the volume of the river the more efficient 
these natural subterranean spillways become. The water on escaping from the 
river finds its way through or beneath the lava, and, as there are good reasons 
for believing, again comes to the light, in part at least, in the bottoms of the 
canvons of DesChutes and Crooked rivers, at a distance of 80 to 40 miles to 
the north of the localities where it disappears. Opal Spring and other similar 
fiprings in the canyon of Crooked River, may reasonably be explained on this 
hypothesis. 

The efficient check on the rise of the waters of the DesChutes so provided, 
exerts a conspicuous influence all the way down its course below Benham Falls 
to the mouth of Crooked River, a distance of about 50 miles. The annual 
range in the height of the river throughout this section is only 8 or 10 inches, 
while above Benham Falls the seasonal variations in the surface level of the 
river amount to several feet.'* 

The older formation, referred to by Russell as ''acid lava, prob- 
ably rhyolite," is classified by G. E. Parkhill as *'bornblend por- 
pbyry." 
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That . there are several localities along the border of the recent 
iava in the vicinity of Benham Palls where water from the river 
disappears is quite true. 

The assumption by Professor Russell that these losses are sufficient 
to materially affect the range in height of the river is clearly shown 
by records of stream measurements at Benham Falls and Bend to be 
erroneous. The lesser range of river height below Benham Falls is 
accounted for by the very much greater slope of the river and con- 
sequent higher velocity, while the greater range of river height 
above the falls is due to the very much flatter slope already referred 
to and the resulting lower velocity. 

Russell assumes that the losses by seepage into the lava during 
high- water stages are sufficient to provide the control which pro- 
duces the well-known regularity in the flow of the Deschutes in its 
lower course. Stream measurements extending over a number of 
years at and above Benham Palls indicate that there is no loss of 
water from the river between the country of upper streams which 
combine to form Deschutes River and Benham Palls. The Benham 
Palls gauging station is located about 1^/4 miles below the dam site 
selected for this reservoir. It seems probable from a consideration 
of the records of stream flow that the regulating cause of the flow 
of Deschutes Rdver is the extensive and deep deposits of pumiceous 
sand covering the area drained by the headwaters of Deschutes River. 
Gaugings of the river between Benham Palls and Cline Palls show 
no loss of water and very little, if any, gain from unseen sources. 
Measurements of stream flow cannot be made with sufficient accu- 
racy to detect minor losses of water, although large losses are easily 
detected. 

With reference to the origin of Opal Springs it was suggested by 
Russell that the supply of water for them comes from losses from 
the river above Benham Palls and passes through or under the penin- 
sula between that point and Crooked River. Stream measurements 
show that the assumption that stream losses are the source of this 
supply is erroneous. If the supply of water to Opal Springs comes 
from above Benham Palls, the source of this supply is ground-water 
storage, and if the supply comes from the flow of the Deschutes it 
must take out from the river below Cline Palls. 

Immediately below the reservoir site is a succession of falls which 
within a distance of 414 miles have a total drop of 325 feet. Por this 
reason it appears probable that any material reservoir seepage loss 
from the Benham Palls reservoir will be returned to the river within 
the limits of these falls; the more so, since the old river bed, down 
which some of the lost water would escape, when traced by following 
the trend of the most recent lava flow which filled it, would seem 
to rejoin the present river above the foot of the falls. It is this 
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flow which pushed the old river into its fcxistipg coi!rse-*Hci;.^olid»fied 
into the "Lava Beds" (see Sheets Nos. 21 and 71), around which the 
falls occur. Any seepage loss so returned will be available for di- 
version at points lower down the river, and there would be no actual 
loss from the flow of the river, providing the seepage loss and return 
does not exceed the minimum diversion requirements. The assumed 
minimum diversion requirements, which occur during the seven 
months of the non-irrigating period, amount to a total of 141,500 
acre-feet for the season, and if the entire storage of 467,660 acre- 
feet required were provided in the Benham Falls reservoir, annual 
seepage losses from this reservoir would have to exceed 50 per cent 
of that storage before any actual loss of water to the land would 
occur under the assumptions as to use and seepage returns to the 
river. 

It will be shown that economical distribution of storage between 
Benham Falls reservoir and Crane Prairie reservoir will require the 
storage at Benham Falls of approximately 400,000 acre-feet. It is 
estimated that the annual seepage loss from Benham Falls will not 
exceed 20 per cent of the maximum storage, or approximately 80,000 
acre-feet. The proportionate loss during the non-irrigating season 
may be as much as 50,000 acre-feet. 

Of the 141,500 acre-feet required during the non-irrigating season 
60,000 acre-feet is diverted at the Aubrey FaUs dam, which is 28 
miles by river from Benham Falls and approximately 1,000 feet lower 
in elevation ; and 17,500 acre-feet is diverted at the North Canal dam, 
approximately 12 miles below Benham Falls and 550 feet lower in 
elevation, while the first diversion point, Lava Island Falls, is five 
miles below Benham Falls and approximately 200 feet lower in ele- 
vation. For this reason it is believed that the seepage losses from 
the Benham Falls Reservoir, if any, will not in effect decrease the 
volume of available storage estimated, and no allowance will be 
provided in the plans submitted in this report. 

Crane Prairie Reservoir. For a mile or so above the dam site on 
the northeast side of the reservoir, scoriaceous lava rock is exposed. 
It has been impossible to determine definitely whether there will 
be serious seepage losses through the rock. However, as the extreme 
height to which the water is to be raised is only 27 feet, it does not 
appear to be impracticable to prevent such seepage. 

The existence of the large springs along Fall River and at the 
source of Spring River indicates the possibility that part of their flow 
may be lost by seepage from the river at Crane Prairie. These 
springs are partially accounted for by the discharge from Davis Lake^ 
which passes beneath the lava beds. The drainage area of the West 
Fork of the Deschutes above Crane Prairie is uncertain, but it has 
been estimated to be 154 square miles. The run-off from this area 
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for ttre'peri^.ftoiji'Miy^l, 1913, to April 30, 1914, taken partly from 
actual records and partly estimated, was 257,740 acre-feet. The 
drainage area of the West Pork of Deschutes River at its junc- 
tion with the East Fork is approximately 500 square miles, and the 
run-off for the same period was 844,000 acre-feet. These run-offs 
reduced to depths of water in feet distributed over the drainage 
area give a depth of 2.62 feet at Crane Prairie and 2.64 feet at the 
East Pork. As the average elevation of the entire drainage basin 
of the West Fork is approximately the same as that of Crane Prairie, 
this equality in run-off indicates that the springs referred to do not 
have the source of their supply from any particular point such as 
Crane Prairie, but that they are the concentration of ground waters 
whose sources are distributed over the entire drainage basin, and 
the concentration of the discharge at these points is the result of 
peculiar geological formation. 

The annual seepage loss from Crane Prairie Reservoir has been as- 
sumed at 20 per cent of the maximum storage capacity. The full 
utilization of the irrigation resources of Deschutes River will in 
any case require that part of the storage shall be provided for at 
Benham Falls. It is evident, therefore, that in the ultimate irriga- 
tion development of the basin any error in the volume of seepage loss 
from Crane Prairie Reservoir can only affect the relative heights of 
the dams and the relative reservoir areas required at Benham Falls 
and Crane Prairie, providing the Crane Prairie seepage losses are re- 
turned above the Benham Falls Reservoir. That such will be the case 
is indicated by the springs already referred to. 

As a practical consideration affecting the selection of a storage 
reservoir in a region such as this, where the formation is admittedly 
fissured and cavernous and where heavy underflows are known to 
exist, it must be recognizel that there is an element of chance in any 
of these surface depressions, termed reservoir sites, forming tight 
reservoirs. 

It is impracticable to determine these matters by examination or 
experiment. All that can be relied on are results, acheved in reser- 
voirs in other volcanic regions having similar characteristics. The 
most conspicuous example of these is the Clear Lake R<3servoir in 
Northern California, a reservoir of some 450,000 acre-feet capacity, 
situated in a porous lava region, practically a part of the same series 
of volcanic formation of which the Deschutes basin constitutes the 
northern slope. 

The Clear Lake Reservoir is actually underlaid in part by porous 
lavas and loose volcanic formation in which the natural ground 
water plane lies far below the surface. In spite of these unpromis- 
ing conditions the upper soils have constituted a practically water- 
tight blanket and seepage losses are comparatively small, showinp 
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that there is substantial reasoa to expect similar results in the 
Deschutes reservoirs. 

Evaporation conditions for the Deschutes basin above Benham 
Falls have been assumed as similar to those about Klamath Palls, 
which is at approximately the same elevation above sea level. Ob- 
servations there, indicate evaporation from lake surfaces to be 
approximately 3.5 feet of depth. This rate of evaporation has 
been taken for Crane Prairie. Reference to capacity and area 
curves for these reservoirs, Sheets Nos. 59 and 118, show a smaller 
total evaporating surface, if all necessary storage were provided 
at Benham Falls. Estimates show, however, that the cost of Crane 
Prairie storage is so much lower than that of Benham Falls, that 
its use to the maximum amount possible is justified. 

Approximately half of the total yearly evaporation will occur dur- 
ing the filling period of 7 months, while the other half occurs during 
the irrigating period. This inequality of distribution is the result 
of the different atmospheric conditions of the two periods. 

The run-off from Crane Prairie for the year 1913-14 was 257,740 
acre-feet. By inspection of the records of the West Fork of 
Deschutes River since January, 1905, it appears that the year 1913-14 
gave an excess run-off of approximately 16 per cent over the mean, 
and it may reasonably be assumed that Crane Prairie gave a similar 
excess run-off for that period. The mean annual run-off of Crane 
Prairie in the absence of better information, may therefore be taken 
as 222,500 acre-feet. The run-off for the irrigating period. May 1 
to September 30, 1913, was estimated at 132,040 acre-feet. Assuming 
the same percentage of excess, the mean annual run-off during the 
irrigating priod, May 1 to September 30, is 113,500 acre-feet. There 
remains then, available for storage, evaporation, and seepage losses, 
109,000 acre-feet. 

By reference to the capacity and area curve for Crane Prairie 
Reservoir, it is seen that for a storage capacity of 95,000 acre-feet, 
an area of approximately 6,200 acres is covered. Assuming that the 
rate of evaporation will be 3.5 feet depth per annum, and that a 
mean area of half the maximum will be exposed to evaporation dur- 
ing the entire year, the evaporation loss during an entire year 
would be 11,000 acre-feet. The seepage loss has been assumed at 
20 per cent of maximum storage or, say, 19,000 acre-feet per annum. 
The combined seepage and evaporation losses for the year, on the 
assumption of 95,000 acre-feet storage, would therefore be 30,000 
acre-feet. If half of this loss occurred during the filling period it 
would not be available for storage, and the storage capacity, if 
'lesigned strictly on this assumption, should be 109,000 acre-feet 
less 15,000 acre-feet, or 94,000 acre-feet, which would be available 
May 1. Subsequent to May 1, during emptying of reservoir, the 
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seepage losses would not affect the storage requirement at Benham 
Falls, but the evaporation loss for this period would enter into the 
computation of storage required at Benham Palls and the net 
supply available for diversion to land. The evaporation for the 
year has been estimated at 11,000 acre-feet and for the irrigation 
period it may be taken as half, or 5,500 acre-feet. This, deducted 
from the supply available on May 1, 94,000 acre-feet, leaves 88,500 
acre-feet net storage available at diversions. 

Belation of Crane Prairie Storage to Benham Falls Storage. With 
storage for 88,500 acre-feet provided by Crane Prairie Reservoir 
there will remain 379,160 acre-feet net storage supply to be provided 
in Benham Falls Reservoir. 

By reference to Benham Falls Reservoir capacity and area curve, 
it is seen that for 400,000 acre-feet storage, the maximum area is 
approximately 18,000 acres. At the rate of evaporation assumed, 3.5 
feet depth per annum, the evaporation for the year will be 31,500 
acre-feet. Half of this will occur after May 1, the beginning of 
the irrigating season, and storage for this amount, 15,750 acre-feet 
must therefore be provided in addition to the 379,160 acre-feet net 
storage required at diversions. The storage capacity required at 
Benham Falls is therefore 394,910 acre-feet. 

The total assumed annual evaporation from both storage reser- 
voirs is 42,500 acre-feet while the total assumed annual use, meas- 
ured at diversion points is 1,204,500 acre-feet. Hence the total 
assumed annual demand for water will be 1,247,000 acre-feet. The 
mean annual discharge of Deschutes River at Benham Falls for 
the period 1905 to 1914, inclusive, was 1,210,000 acre-feet. The 
assumed annual demand for water is therefore approximately 2 per 
( ent in excess of the recorded mean supply for the period observed. 
An actual shortage of this amount, the possibility of which is in- 
dicated by the records, would probably be seriously felt by the 
projects now being constructed without provision for storage. 

For the period from 1905 to 1914, inclusive, the extreme variations 
from the mean run-off of Deschutes River were minus 11 per cent 
and plus 16.5 per cent, and as already noted for the projects con- 
structed and proposed, with the assumptions made as to water duties, 
losses, etc., there would be a shortage of approximately 2 per cent 
in years of mean run-off; hence the extreme variation of the re- 
corded run-off from the assumed annual demand would have been 
minus 13 per cent and plus 14.5 per cent. 

It is necessary that the variation between the annual demand 
and the annual run-off be taken care of, by providing reservoir 
capacities sufficient to carry water over from years of excess flow, 
to years of deficiency. The annual 2 per cent shortage in mean 
run-off below the irrigation demand, cannot, of course, be made up, 
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however large the reservoir capacity provided, and the general 
effect will be either to cause a slightly increased duty of water 
or decreased irrigable area. As the course of development will 
probably bring the least desirable lands under water last, and 
since there will doubtless be ample time to determine definitely many 
of the assumptions necessary for the purposes of this report, it is 
believed that it is not advisable to modify the plans adopted, to more 
closely conform to the assumed uses and losses. The acre cost would 
not be materially affected in any case by reduction of gross area 
to conform to assumptions. Moreover, further records of the dis- 
charge of Deschutes River will probably modify the value assigned 
to the volume of the mean run-off. 

Discussions of water supply so far have been on the basis of a 
mean annual discharge. Pull use of the total run-off, within 
economical limits of variation from an annual mean, involves stor- 
age to carry water over from years of high run-off to those of 
low run-off. Referring again to tabulation of annual run-off under 
''Water Supply — General,'' if the excess water of the year 1904-5 
were to be fully utilized, it will be noted that the succeeding years 
of 1905-6 would not require the full amount. ]\roreover the next 
two years have an excess run-off, and hence cannot utilize it and, 
except as evaporation would have reduced it, the following years 
of 1908-9 would not require it all. With the relatively shallow 
reservoirs planned, the evaporation losses for such excess of w^ater 
carried over for more than one season, become important. If, for 
example, the 1904-5 excess of 190,000 acre-feet of water above the 
mean volume were carried over to the succeeding year it would 
have been reduced by evaporation to a volume of approximately 
150,000 acre-feet. The shortage of 120,000 acre-feet of water for 
this second year would leave only 30,000 acre-feet to be carried over 
to the fourth year of 1908-9, by which time it would have been largely 
consumed by evaporation. 
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As already shown, the storage required for mean years is 94,000 
acre-feet at Crane Prairie and 394,910 acre-feet at Benham Falls, 
a total of approximately 490,000 acre-feet. . It is seen that provision 
for this carry-over storage to the amount of the 1904-5 excess of 
190,000 acre-feet of water, would require an increase of 39 per cent 
in reservoir capacity. Estimates show that the cost of storage will 
exceed $2.00 per acre-foot of /capacity. The additional cost of the 
storage for 190,000 acre-feet at this rate will be approximately 
•1400,000, which is close to $2.50 more for each acre of land irrigated. 
Inasmuch as the cost per acre for the construction of irrigation 
systems in this basin approaches the limiting cost which the land 
and climate will warrant, it is not regarded as econortiical to pro- 
vide storage for the entire, combined shortage of the rtaiiiimum years. 
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Crane Prairie Reservoir, exclusive of lands which it is assumed 
will be obtained from the Federal Government without cost, pro- 
vides cheaper storage than Benham Falls Reservoir on account of 
land purchases required for the latter. So far as possible, therefore, 
consistent with volume of stream discharge, provision for carrying 
over from years of excess run-off to years of deficiency, should be at 
Crane Prairie Reservoir. Moreover, this reservoir is likely to be 
the first constructed in the irrigation development proposed, and 
for that reason, the largest practicable use of it should be made, in 
order that the greatest area of land may be supplied before the 
construction of Benham Falls Reservoir is required. 

If, as is probable, the variation in annual run-off from Crane 
Prairie is similar to that of the main stream, approximately 35,000 
acre-feet of the 190,000 acre-feet excess in maximum years, runs off at 
Crane Prairie and could be stored there more cheaply than at 
Benham Falls. It is also possible that there will be no appreciable 
seepage losses; if that should prove to be the case, storage of the 
amount estimated to be so lost prior to May 1, viz: 9,500 acre-feot, 
would be best provided there. It is proposed to increase the con:- 
bined gross storage capacity of the two reservoirs approximately 
13 per cent, or 63,350 acre-feet by raising Crane Frairie storage 
from 94,000 acre-feet to 110,000 acre-feet, and Benham Falls storage 
from 393,910 acre-feet to 442,500 acre-feet. This additional storage 
would have reduced the greatest shortage from mean annual run-off 
during the years 1905 to 1914, inclusive, to a little less than 7 per 
cent, and for irrigation requirements to a little less than 9 per cent. 
The plans and estimates herewith submitted are on this basis. 

Benam Falls Dam will be required to raise the water level from 
elevation 4145.5 feet to elevation 4200.0 feet, or 54.5 feet, and Crane 
Prairie from elevation 4428.4 feet to elevation 4455 feet, or 26.6 feet. 

Distribution of cost of storage, and water rights which it is found 
necessary to acquire for the several units proposed, will be made 
on the basis of total cost of storage reservoirs and the combined 
annual diversion requirements of the proposed units, in proportion to 
the water requirements of each unit. 

DRAINAGE. 

Under the subject of domestic water supply, reference has been 
made to the great depth at which ground water is encountered 
now. In this connection it should be noted that this condition 
obtains practically throughout the east side, where irrigation has 
been followed under the Central Oregon Irrigation Comi>any-s 
system for at least ten years. The effort of the town of Redmond 
to obtain a water supply from a drilled well was noted; also the 
depth of the well for the railroad water tank at Metolius, in the 
North Unit. There are a few wells along Willow Creek and Mud 
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Springs Creek which furnish water throughout the summer; other- 
wise the water for domestic supply is all hauled in tanks. 

Under the Columbia Southern Irrigation Project, now the Tumalo 
Project, adjoining the West Side Unit on the south, where irriga- 
tion to some extent has been carried on almost as long as on the 
fast side, the ground water does not appear to have been influenced. 
It is reasonable to expect that at most the ground water under the 
West Side Unit will be affected no more than under the Tumalo 
Project, for the bordering Deschutes Canyon is relatively deeper and 
nearer the land. 

On the South Unit a well was noted, which although sunk 100 feet 
in the Dry River Bed did not encounter water. East of this, along 
the foot of Bear Buttes, there are a few wells ; there are also a few 
wells and small springs around Powell Buttes, above the canal line 
proposed. Over the remainder of this unit, as over the North 
Unit, the water for domestic use and for stock, is all hauled in tanks, 
or obtained from the meager local precipitation and stored in con- 
crete cisterns. 

It is not believed possible, therefore, that drainage can ever 
become a serious problem in any of these units. There will without 
doubt be small areas here and there which will suffer by local 
water logging where the soil is immediately underlaid with hardpan 
or other impervious material. Such areas have been referred to 
under ** Agricultural Survey'' as **land locked." An effort has been 
made to eliminate all surface '*land locked" areas or '*pot holes," 
but at best there will always develop sub-surface conditions under 
some areas, which might better be called **drainafre locked." It is 
impracticable, if not entirely impossible, to determine the ** drainage 
locked" areas before the necessity for artificial drainage becomes 
apparent through irrigation. There arc irrigation projects in which 
uo drainage troubles have arisen and again others in which the 
drainage problems have exceeded those of the original irrigation. 
Costs for drainage, exclusive of tiling or farm drainage, have been 
as high as $10.00 per acre on some of the projects constructed by the 
Reclamation Service. Because of the impossibility of estimating the 
'ost of drainage, in advance of irrigation, it has become the custom 
of many irrigation engineers to include no item for drainage in the 
estimates of cost for irrigation, and treat it entirely as a matter 
tor future consideration. There has, however, been included in 
these estimates the equivalent, for each unit, of $1.00 per acre for 
drainage. It must not be regarded as a dose estimate in any sense, 
but is considered a reasonable expectation of possible requirements. 
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AaBICULTXTRAL StJBVEY. 

The following chapter has been prepared by W. L. Powers, As- 
sistant Professor of Irrigation and Drainage, Department of Agron- 
omy, Oregon Agricultural College, from a preliminary survey. 

Agricultural Development. Land in the North Unit was used for 
range purposes for many years, and was homesteaded for cultivation 
of the dry-farm plants about ten years ago. The first few years, 
these settlers devoted their time to clearing their claims. In 1911, 
the railroad was built through the district and grain growmg, al- 
ternated with fallowing, became general. Reports from twelve 
good representative farmers within this unit show that in 1911 the 
average yield of winter wheat was about 15 bushels and the 
average yield of spring wheat was about 12 bushels per acre. 
The average acreage owned by these farmrs was 271 acres, and the 
average acreage farmed was 415 acres. Wheat was held to be the 
main source of profit; harley and oats were reported to yield 25 
to 4Q bushels per acre, and potatoes 50 to 100 bushels per acre. 
The twelve farmers reporting, had an average of $7030 capital and 
made an average profit of $437 in 1911. The average value of their 
land and improvements was given at $30 per acre, while the price 
five years previous to that, was placed at $15 per acre. 

The year of 1912 was a season of heavy precipitation and the 
average yield of winter wheat in the district was about 20 bushels 
per acre, while for potatoes it was about 75 bushels per acre. 

The College conducted a demonstration farm on a representative 
eighty near Metolius in 1912, of which the writer was acting super- 
intendent. Without having much good fallow, winter wheat yielded 
20 to 30 bushels per acre, spring wheat 18 bushels, spring barley 
25 bushels and spring oats 41 bushels. Potatoes yielded 50 to 100 
bushels, corn 7 tons and field peas yielded IV2 tons of hay or 10 
bushels of seed on this farm. 

The next season (1913) was a dry season. Winter wheat planted 
on the demonstration farm on well kept fallow, yielded 12 to 30 
bushels. Some fields of winter wheat in the community averaged 
15 bushels per acre, but the average for the whole district was about 
10 bushels or scarcely enough to pay the cost of production. 

The past season (1914) was more favored by moisture, but an 
unusually hard frost occurred in June and injured grain so that the 
orops scarcely paid for production the past season. As a result 
some of the farmers have had to go outside and find work, and 
several empty houses were seen by the writer during the recent 
inspection of these lands. 

It is believed, however, that dry farming? can be made permanently 
successful over the greater part of this area by practising the meth- 
ods now used by the best practical farmers. 
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The College has demonstrated and urged the growing of field 
peas and dry-land alfalfa, potatoes and com, instead of so much 
fallow. In the past two years the acreage of the two latter crops 
has greatly increased. 

Agriculture within the West and South Units is largely unde- 
veloped. Land, in its native state, in the West Unit is of very limited 
value. Dry farming has only been attempted on very limited areas. 
The Long Hollow irrigated ranch, located at the north edge of this 
project has 'been under cultivation 12 years. The manager estimated 
the yield of wheat at 25 bushels as an average, oats 50 bushels, and 
clover and alfalfa meadows at three tons per acre. 

Another ranch at Cline Falls has been improved for several years. 
This is watered by pumping and the yield of alfalfa is reported at 2 
tons per acre, while potatoes are said to yield 100 bushels per acre. 

The main body of cleared land on the South Unit is found in the dis- 
trict near Powell Butte Land on the north slope of this Butte which 
is included in the project, is mostly, cleared and is being dry farmed 
with fair success. 

Climate Lunitations. In general, the climate of the area is arid, 
with a low mean relative humidity and an abundance of sunshine. 
Strong breezes are common and cause some damage by blowing the 
sandier soils, but winds are not extreme and rarely reach a velocity of 
forty miles per hour. 

The annual rainfall on the elevated plains of the North Unit aver- 
ages about eleven inches and increases toward the foot hills and up- 
stream. On the West Unit, extending a few miles west and north of 
Cline Falls, the average annual rainfall is about 12 to 14 inches, while 
Tor the South unit it runs from 10 inches near the Powell Butte, to 
8ome 15 inches north of Horse Bidge at the southwest end of the pro- 
ject. The maximum rainfall occurs in winter, with a secondary maxi- 
mum in May and June. Rainfall is just sufficient for dry farming near 
the Butte and in the plains of the North Unit. 

The growing season on the West and North Units will range from 
eleven weeks on the plateau, to four and one-half months in the can- 
yon bottoms in the northeast part of each of these units. At the north 
end of the South Unit near the Butte, the average season between frosts 
will be eight to fourteen weeks, while in the main part of the proposed 
project, farther south, it will scarcely average eight weeks and light 
frosts are liable to occur any month. However, during the short grow- 
ing season the clear air, warm sunlight, and free soil produce remark- 
ably rapid growth under proper moisture conditions. It is possible to 
raise a little hardy fruit for home use in favored spots on the Powell 
Butte and in the lower part of the West and North Units, while south of 
the Powell Butte only the hardiest root crops and forage plants can be 
successfully grown. 
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Surface Geology and Soil, Origin. The area under consideration is 
entirely underlaid with porous basalt lava or occasional tuffs. There 
is a layer of hardpan or volcanic ash from six inches to several feet in 
thickness between the soil layer and the basalt in most of the northern 
and eastern parts of the district. 

The river and its tributaries have cut canyons through the lava to a 
depth of several hundred feet in their lower courses, and in these, wind 
and water have assisted in forming a soil of relatively good depth. 

The plateaus between these canyons are great plains covered with 
residual soil. In each unit is a group of buttes the lower slope of whieh 
could be watered, and the soil here is largely of colluvial origin. In 
general, the lands in this region are rather shallow and of a sandy na- 
ture, and require careful handling to avoid leaching and to keep up 
the humus content under irrigation. 

Depth and organic matter content, as well as texture, have been con- 
sidered in classifying the lands, and some finer distinctions have been 
made than is customary in Bureau of Soils Survey work. The textiiral 
names also vary slightly from their standards in order to bring out 
local comparisons. 

Soils of the North Unit. The soils on this unit are mainly residual 
although there is a small amount of colluvial soil on the north slope of 
Juniper and Round Buttes. There is a small amount of alluvial soil in 
the canyons and draws at the north edge of the project. 

Areas of Different Soils on North Unit. 

Soil • Acres Percent 

Fine sandy loam 59,000 59.0 

Very fine brown sandy loam 28,000 28.0 

Stony loam 4,000 4.0 

Very fine sandy loam 4,500 4.5 

Tine brown sandy loam x 2,000 2.0 

Fine sand ". 1,500 1.5 

Silt 500 .5 

Gravelly loam 500 .5 

Total 100,000 

Fine Sandy Loam. Pine sandy loam covers about sixty per cent of 
this unit. It occupies most of the higher country around Opal City, 
Culver, and extends on north to Metolius and along the ridge east of 
Madras. There is a stony phase of this type on some of the ridges, and 
the northeast slope of some of the rid<^es is of a sandy character in 
very small areas. This type ranges in depth from tveelve inches to -I'j 
inches, but the averacre depth is close to two ieet. The soil is light 
brown in color, is naturally well drained, free working, and is regarded 
as a safe soil to irrigate. 

Mechanical analyses of chief types in the Project hereafter given 
were made by Mr. Cooter and Prof. Rnzek of the Agronomy Depart- 
ment, O. A. C. 
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MedLaalcal Analyses of Fine Bandy Loam, 

Very 
Deserip- Town. Kange Fine Coarse Medium Fine Fine 

tion S. E. See. Gravel Sand Sand Sand Sand Silt Clay 

Surface 11 13 21SE%' 3.68 10.68 10.90 25.03 18.22 24.72 9.82 

Subsoil 11 13 21SE34 3.96 11.00 10.06 25.64 18.60 27.40 8.10 

Very Fine Brown Sandy Loam. Nearly all of the Agency Plains 
and a small area across the Willow Creek Canyon from this plain to- 
ward the south, is fine sandy silt loam. There are some 28,000 acres oi 
this type of soil. This soil is of a medium brown color an J is slightly 
sticky in places in the subsoil. The surface soil is freeworking. Where 
the rim rock is perpendicular, this type of soil extends out to within a 
few rods of the rim rock, but where the rim rock slopes off there is a 
slight strip of stony loam between this and the canyon. The soil is 
very uniform for so large an area. It averages about two feet in depth 
and ranges from fifteen to thirty inches in depth ; a few places have 
even a greater depth. It is very important not to over-irrigate this 
soil, but it is believed that with careful handling, including the plowing 
under of clover and application of manures, that this soil can be profit- 
ably irrigated. 

Meclianical Analyses of Very Fine Brown Sandy Loam. 

Very 
Deserip- Town. Bange Fine Coarse Medium Fine Fine 

tion S. E. Sec. Gravel Sand Sand Sand Sand Silt Clay 

Surface 10 13 13SW^ 2.36 9.68 16.34 28.88 14.46 26.04 2.34 

Subgoil 10 13 13SW14 7.8 14.87 14.58 24.80 14.58 20.34 3.03 

Very Fine Sandy Loam. In the basin west of Culver and in various 
other basins north and east of Culver, we find the soil is somewhat 
darker in color and somewhat deeper and of finer texture, making a 
very fine phase. Where drainage is good, this soil should make a good 
ground for alfalfa under irrigation, but the drainage is imperfect in 
some places- and these places will need to be irrigated with care. 

Mechanical Analysis Very Fine Sandy Loam. 

Very 
Deserip- Town. Bange Fine Coarse Medium Fine Fine 

tion S. E. Sec. Gravel Sand Sand Sand Sand Silt Clay 

Surface 10 13 SOSW^^ 1.80 7.56 10.36 20.64 18.34 35.40 6.04 

Stony Loam. On the ridges between Metolius and Culver and also 
east of Metolius and Madras, the soil is rather shallow and contains 
some stone and gravel. On the breaks of these ridges, the sandy sur- 
face materials has been largely swept away by wind, and the fine 
earth is somewhat sticky in places. A general class has been made of 
soil of this character, ranging from fine sand to heavy silt and con- 
taining considerable stone. At least half of this type of soil is too 
shallow or steep to be suitable for irrigation purposes, the land being 
mainly valuable for range purposes. 

Fine Brown Sandy Loam. There is a colluvial soil on the north 
slope of Round Butte which is dark brown in color and contains a 
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higher percentage of silt, with a good amonnt of organic matter and 

enough sand to be freeworking. There is some loose rock and jumper 

but the fine earth is of very good quality and is classified as fine browo 

sandy loam. 

Mechanical Analysis — ^Flne Brown Sandy Loam. 

Very 
Descrip- Town. Range Fine Coarse Medium Fine Fine 

tion S. £. Sec. Gravel Sand Sand Sand Sand Silt Clay 

Surface 12 13 6SW^ 2.40 7.26 9.36 20.94 20.16 37.92 2.84 

Fine Sand. There is about 1500 acres of fine sand in the canyon 
bottom, south and east of Youngs, at the northeast corner of this unit. 
The soil averages 24 to 30 inches in depth, is well drained and is re 
garded as a good soil for irrigation purposes. 

Silt Loam, On the north slope of the butte between Youngs and 
Gateway there is nearly a section of heavy silt loam. This is a strong 
soil and contains enough clay to be somewhat sticky. It is only fairly 
suitable for irrigation purposes. 

Gravelly Loam, On the north slope of Juniper Butte, there is an- 
other small area of colluvial soil. The fine earth is fine sandy loam 
but there is perhaps two per cent of secondary basalt fragments that 
are high in silica. This soil could be profitably irrigated. It is eighteen 
inches or more in depth. 

Soils on the West Side Unit. The West Unit embraces two typo- 
graphical divisions, namely : the upland and the canyon bottoms. The 
plateau soils are of a sandy nature; they are interspersed with lava 
outcrops and contain loose rock in places. They are mainly residual 
soils resulting from weathering of underlying basalt. Wind has 
assisted some in bringing about the present soil arrangement. 

Canyons cross the northwest part of this unit, running in a north- 
easterly direction to the Deschutes River. These probably were formed 
partly by erosion and partly by faulting. One of these, called the 
Broad Canyon, probably was caused by a block of the earth's crust 
settling down. Soil in these canyon bottoms has been deposited partly 
by wind action and partly by running water, in addition to the work 
of gravity. 

Soils of the plateau have been divided into three types and those 

of the canyon bottom into four types. The following table gives the 

name and extent of each soil type. 

Areas of Different Soil Types on West Unit. 

Soil Acres Per cent 

Plateau Division 

Medium (loamy) sand 8300 41,a 

Medium sand 1700 8.5 

Fine sandy loam 400 2.0 

Canyon Bottoms 

Fine sand 5300 26.5 

Fine sandy loam 2400 12.0 

Medium sand 1600 8.0 

Coarse sand 300 1.5 
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Plateau Soils. 

Medium (Loamy) Sand This is the prevailing type of soil extend- 
ing oYer the plateau. This soil contains considerable pumiceous sand 
and enough silt and vegetable matter to give it a loamy character. 
Near the Cline Butte, gravity has assisted a little and this soil is most 
loamy here. Most of this land is undeveloped and is covered with 
juniper and black sage. The depth averages about eighteen inches, 
ranging from six to thirty inches and running shallower toward the 
north side of this soil area. The subsoil is similar to the surface, being 
slightly more yellowish and pumiceous. The soil rests directly on the 
poroQS basalt which is somewhat disrupted and porous near the sur- 
face, affording slow, natural drainage. The value of this soil is at 
least equal to that in the vicinity of Redmond for irrigation agricul- 
ture, it being of a very similar character. 

Mechanical Analyses — ^Fine Iioamy Band. 

Very 
Deflcrip- Fine Coarse Medium Fine Fine 

tion Town. Bange See. Gravel Sand Sand Sand Sand Silt Clay 

Surface 15 12 8 E% 5.74 14.44 12.76 26.60 26.18 12.88 1.50 

Surfaee 15 12 11 N% 4.38 12.88 12.28 25.26 24.52 17.35 5.82 

Fine Sandy Loam, Towards the west part of this unit there are 
some depressions, the larger ones as much as half a mile in diameter. 
The soil in these is finer and deeper, being as much as four and one- 
half feet deep in the center of the larger basins and constitutes a finer 
phase of the main type. The soil is hard in the third foot. The vege- 
tation is mainly yellow sage, indicating that alkali is to be expected 
with irrigation. Areas that are badly land locked have been excluded 
from the proposed project. The soil is comparatively good in plant 
food content, but would need to be irrigated very cautiously. If this 
is done it should be a good soil for alfalfa. 

Medium Sand, A sandy phase occurs over most of the three sections 
bordering the river above Cline Falls. This soil is mostly sandy on the 
northeast slope, approaching the character of the medium sandy loam 
in the basin tp the south and west of the area. It requires careful 
handling to prevent blowing or erosion by irrigation water and needs 
humus to increase its water capacity. The depth is twelve to 24 inches, 
averaging about eighteen inches. There is less rock but a little higher 
percentage of sand here than in the vicinity of Redmond. This soil is 
only fairly suitable for irrigation. 

Canyon Bottom Soils, 

Fine Sandy Loam. There is a fine sandy loam in the Buckhorn 
Canyon opposite the new wagon grade, and in the flat north and west 
of LaPoUette Butte, which is partly watered from Squaw Creek at 
present. The soil is two to three feet and more in depth and becomes 
more loamy with irrigation. Fine sandy loam also occurs on the flat 



MeduolcAl AnilTWO — FUm Suidjr Loun. 

Very 
Descrip- Fine Coarse Mediam Fine Fioe 

tion Town. Range See. Orftvel S&ud Snnd Sand Sand Silt ClAy 

SuTfaee 14 12 18 XMt 3.84 10.00 12.54 24.22 22.38 22.46 4.3S 

Surface 14 12 7 NVj 1.03 8.00 10.72 19.36 27.48 26.33 7.0S 

Fine Sand. Fine sand occurs chiefly in broad canyons south of La- 
Follette Butte and in the areas north of Long Hollow. This soil i^ 
also two or three feet and over in depth, is less inclined to blow and 
becomes more loamy when irrigated, due to decomposition of the 
minerals and increase in the organic matter content. It is considered 
u suitable soil for irrigation purposes. 

An area of fine sand below Odin Falls one mile, is underlaid with 
wash gravel at sixteen to eighteen inches from the surface. This soil 
is inclined to drift, and is covered with a sparse growth of yellow 
sage. It would reqnire as much water as any soil in this unit and 
does not appear to be very desirable. 

Uocbanlcal Axwlrtla — Fine Sand. 

Descrip- Fine Coarse Medium Fine Fine 

tioQ Town. Bange Sec. Uravel Sand Sand Sand Sand Silt Clay 

Surface 14 12 9 6,62 11.12 11.02 27.64 28.58 9.88 5.36 

iledium Sand. Medium sand occurs in Long Hollow and Lower 
Buckhom Canyons and also east of LaFoUette Butte. Tbe soil is 
eighteen to 36 inches in depth and is covered with antelope brush. The 
coarse sand is largely pumiceous material and will become of a eome- 
what more loamy nature with irrigation. This soil will require more 
irrigation the first few years at least, and it will probably cost about 
all it is worth to irrigate it. 

Coarse Sand appears on two ridges east of LaFoUette Butte and 
covers an area of about 250 acres. It is very similar to the medium 
fiand only that it is slightly less desirable. 

Soils of the South Unit, A very general examination was made of 
the soils of this unit. 

ATMS of oust Boll Ttpw on South Unit 

Soil. Acres. P. C. 

Medium to coarse sand 35,000 72.9 

Fine sand 4.500 9.4 

Fine eandv loam 4,000 8.3 

Fine <loaray) sand 2,500 5.2 

Ucdetermined 2,000 *.- 

Total 48,000 

Medium to Coarse Sand. East of the end of the Arnold Ditch are 
several sections of medium sand. This sand contains much pumiceous 
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material. It is covered with a scattering growth of juniper and 
black sage of medium size. The fine decomposed material is blown 
off from the prominences and drifted into the basins between these 
places where the country rock is exposed. The west part of this 
area lies fairly well, and a good proportion of this area is included 
in these tillable basins. Farther east towards the lava flow, south 
of Alfalfa Postoffice, the country becomes more broken and there 
is much floating rock, in the low areas, to be removed before the 
land can be cultivated. East of the lava flow there is also a large 
area of medium sand that is separated from the country rock by a 
layer of hardpan. The west side of this area, near the lava flow, 
contains a former river bed and is deep gravelly sand that would 
require large quantities of water for its irrigation. The average 
depth of this soil is about sixteen to eighteen inches except in the 
river bed where it is very deep. The season is so short that it is 
doubtful whether alfalfa would succeed. It is doubtful whether 
the cost of reclamation of this soil, which is the main type of tliis 
unit, is not more than its present value would justify. 

Mechanical Analyses — ^Medium to Ooane Sand. 

Very 
Deserip- Fine Coarse Medium Fine Fine 

tion Town. Range Sec. Gravel Sand Sand Sand Sand Silt Clay 

^"^^^^^^ i]l ]^ ?«JmiU.96 16.36 19.70 25.22 17.50 14.36 1.92 

composite... ] 18 13 16 & 20 j 

Fine Sandy Loam. Fine sandy loam occurs on the northeast slope 
of Powell Butte and also there are a couple of sections of laud of this 
character in the southeast part of the project, on the north slope 
of Horse Ridge. The soil will average nearly three feet in depth 
and is a good soil for irrigation purposes. It is dry farmed success- 
fully at present, in the Powell Butte district. This is the best soil in 
this unit. 

Fine Sand. On the northwest slope of Powell Butte, wind has 
assisted in the soil formation, and the material deposited is fine 
sand. The depth of this soil averages about eighteen to twenty-four 
inches though it runs as much as three feet or more in depth in 
some places. The soil is being successfully irrigated in this com- 
munity at present. 

Medium (Loamy) Sand. Below the fine sandy slopes of the Pow- 
ell Butte there is medium (loamy) sand extending out onto the plain. 
This soil is very similar to the soil in the vicinity of Redmond and 
can be successfully irrigated. The conditions here in general are 
similar to those in the vicinity of Redmond. 

Plant Food Content. In general, the soils of this Project con- 
tain a medium per cent of plant food, and their limited depth limits 
the total quantity. The soils are, in general, a little stronger and 
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more productive in the finer types at the lower elevations toward 
the north, and on the north slopes to the north of tiie buttes. The 
composition of the chief soil types is given in the following table, 
together with a more detailed discussion of plant foods in each 
soil, by the station chemists j the composition of soil from the Red- 
mond Demonstration Farm is given for comparative purposes. Gyp- 
sum is much used on legumes in the Redmond district but a lar^ 
profit was obtained from using sulphate of potash on the Deni 
stration Farm near Redmond. 

Soil Analyses. Chemical analyses of soils from the areas irri- 
gated were made by R. H. Robinson and R. F. Beard of the chemical 
laboratory at Oregon Agricultural College, with the following results: 
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The following comments on plant food content were made bv 
H. V. Tartar, Chemist, in submitting results of analyses ; 

*'By way of comment I will say that the determinations of volatile matter 
made do not show the actual organic matter present. There may have been 
some changes in the inorganic matter during the determination. This we have 
not had time to check up. The organic matter is, in my opinion, somewhat 
less than that indicated by volatile matter.'^ 

*'The amount of phosphorus present in these different soils is a little under 
the average for soils of the Northwest. It is not low^, however, and is evi 
dently present in sufficient quantity for crop production.'* 

**The figures for nitrogen, one of the very important plant foods, are uni- 
formly low. As a rule the productive soils of Eastern Oregon contain 0.15 to .20 
per cent of nitrogen. There are productive soils which contain somewhat less. 
These samples are low." 

''The potash content is fair — somewhat near the average of soils from 
Eastern Oregon." 

''As shown by our rapid determinations, there are some alkali salts present 
in these soils. It is not high, however. Thus far we have not had an oppor- 
tunity to get at the alkali salts more closely, so as to give an idea of what 
kind of salts these may be, whether chlorides, sulphates, etc." 

"For comparison I have inserted an analysis of soil taken from the Redmond 
Demonstration Farm. (See Oregon Agricultural College Experiment Station, 
Bulletin No. 119.) It has been irrigated for seven years. These figures may 
aid somewhat in judging the fertility of t«he samples sent in." 

Irrigation. Irrigation on the north unit is almost untried. About 
one-third acres of fine sandy loam at Metolius was given a two-inch 
irrigation by the writer in 1912, using the furrow method. The 
soil works well under irrigation. Moisture added, spread a good 
distance horizontally and was taken up at a medium rate anl 
retained well. It was forty-eight hours after irrigation before the 
soil was dry enough to crumble properly under irrigation. There 
is a noticeable tendency for this soil to pack and crust, so it re- 
quires cultivation at the proper time. A small area of sandy 
soil below the springs at Young's is being irrigated. A relatively 
large amount of water is required for this soil. 

The fine sandy loam, which is the leading type of soil on the 
north unit, has been found to have a relatively high usable water 
capacity and a very light volume weight per cubic foot, due to the 
pumiceous material contained. The maximum capillary water capa 
city and volume weight under field conditions for the first foot of 
J this fine sandy loam on the ^Cetolius Demonstration Farm, has been 

{ measured. The methods used were to take duplicate samples of 

soil in stubble land, with sheet metal cylinders one foot long and 
\ one-fifth cubic foot capacity. These samples were saturated, drained 

ij to constant weight, for instance, thirty-six hours in the natural field 

A condition, after which the total moisture content was determined 

' by oven drying. The weight per cubic foot of the dry soil was 

;» found to be sixty-five pounds, and the maximum capillary capaeii} 

' thirty-five percent, although the moisture content will' drop rapidly 

* to about the twenty-eight percent point, before the soil is dry enough 

for proper cultivation to be given. This soil contains three and ono 
jS half per cent moisture when air dried. The pumiceous sand seems 

i 

< < 
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to hold considerable moisture in unavailable form, like porous groun< 
bone, and the soil still appears somewhat moist when the crop begin 
to fire for lack of moisture. It is estimated that the field crops wil 
begin to fire in this soil when the moisture content drops to ten o 
twelve per cent. Crops are checked in their growth at about thre 
per cent above this so-callea wilting point, and on this basis irri 
gation would be needed when the moisture content drops to abou 
the fourteen per cent point. This difference between the excess and def i 
ciency point is at least fourteen per cent. Now fourteen per cent of thi 
dr>' weight of the soil per cubic foot, or sixty-five pounds, is nine an< 
one-tenth pounds, and this, divided by five and two-tenths, the weigh 
of an inch-foot (or **board foot'') of water in pounds, is one and sev 
enty-five hundredths inches depth of usable water per cubic fool 
or per acre foot, that theoretically could be stored in this soil. Th 
water capacity could of course be increased under irrigation far mi 
which could be handled so as to increase the organic matter conteii 
of the soil. 

Soils of finer texture from this unit of the project, would liol< 
nearly two acre inches of water per acre foot, while the coarser tex 
tured soils would probably hold not over one and one-half acr 
inches per acre foot. The shallowness of these soils would prohibi 
extensive leveling, and the furrow method of distributing wate; 
is recommended, at least for all of the undulating soils in this unit. 

On the West Side Unit, where irrigation has been practiced fo 
several years near Cline Falls and in the canyon bottoms, it has 
creased the organic matter content of the soil and decreased th< 
tendency to blow. The maximum capillary capacity of the fin< 
loamy sand on the upland division of this unit has been found to Ix 
about thirty-two per cent, and when air dried this soil contains abou 
two and one-half per cent moisture. The lower limit of usable moisture 
18 estimated at thirteen per cent and the upper limit at twenty-five pe: 
cent, leaving twelve per cent usable moisture. The weight per cubic foo 
of dry soil here is about seventy pounds. On this basis, the usahli 
water capacity per cubic foot is eight and four-tenths pounds, whiel 
is one and sixty-one hundredths acre inches per acre. This is lo 
the virgin soil and the usable water capacity could be increased b^ 
practical methods of irrigation farming. 

The underlying country rock in this unit, interrupts the downward 
movement of irrigation water and is a great aid in the horizonta 
movement of moisture applied in furrows. The furrow method < 
distributing water should be most generally used on this unit. 

^ledium to coarse sand, similar to the medium to coarse sand oi 
the South Unit, has been irrigated at the east end of the Ariiob 
Ditch southeast of Bend, and also near the Alfalfa Postoffiee, fo: 
•several years. On account of the coarse texture of this soil it ha 
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required a relatively large amount of water. The average yield 
of alfalfa in the latter community has been about one and one-ha 
tons per acre. Furrow irrigation is practiced in these communities 
Fine sand, adjoining the fine sand area on the north slope of 
Powell Butte and just north of the South Unit of this project, is 
being successfully irrigated by the furrow method, and is regardec 
as a good soil for irrigation purposes. 

Probable Duty of Water. Since the duty of water varies within 
a project according to the soil type, more than any other one thini: 
fixing the same duty for a whole project often works a hardship o.i 
settlers located on the coarsest textured soils. It is believed thai 
the duty on each of the units should be adjusted according to t:; 
chief types of soil in each unit. 

On the North Unit, if the fine sandy loam requires about two 
and one-quarter acre feet per acre per season, then the very fine 
brown sanily loam which is second in extent could be allowed aboiu 
one and three-quarters acre feet. For the very fine sandy loam, 
if located where it will receive water from higher land, being a soil 
of good depth, and relatively high usable water capacity, one and 
three-quarters to two acre feet per season would be a comparativelv 
good supply, considering the type of soil. The fine sand at tin 
northeast corner of this unit will probably require three acre feet 
per season, at least for the first few years. The coUuvial soils, that 
is, the fine brown sandy loam, and the stony loam and the gravelly 
loam, would require about as much as the fine sandy loams, to l>e 
equally well provided for. 

On the West Side Unit, the main type of soil on the plateau, 
which is the medium loamy sand, will probably require two or two 
and one-quarter acre feet per season. The medium sand will prob- 
ably need two and one-half acre feet, and the fine sandy loam not 
more than one and three-quarters to two acre feet per season. In 
the canyon bottoms, the fine sand will probably require fully two 
and one-quarter acre feet per season, while the fine sandy loam 
j should do as well with two acre feet, and the medium sand should 

I receive perhaps two and one-half acre feet per season. 

* 1 On the South Unit, the fine sandy loam in the Powell Butte dis 

i trict will require one and three-quarters to two acre feet, the medium 

i (loamy) sand and the fine sand, two to two and one-quarter avn' 

i feet, while the medium to coarse sand on the south part of the unit 

^ will require perhaps two and one-half acre feet, at least for the firsi 

;i few seasons. 

'•> It would seem especially important to make a slightly higher duf 

for the land on the Agency Plains, that is, the fine sandy silt loam, 
\ because here extensive irrigation might result in serious soil injury. 

^ Alkali. The lands in this district are comparatively free fn» 

i 
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danger of serious trouble with alkali because the water is secure 
directly from the snow covered mountains and does not contai ^ 
seepage from irrigated lands in any appreciable quantity; also, hv 
cause most of the region has natural under-drainage through the por- 
ous lava rock. Except a few small pockets, practically all of the 
West and South Units are situated so as to have good natural drain- 
age and be relatively free from danger of alkali trouble. 

On the North Unit, the fine sandy loam atid fine sand have good 
under-drainage, but the very fine sandy loam and very fine browu 
sandy loam have less perfect drainage and enough alkali to require 
careful watering if alkali trouble is to be avoided. It is probabl- 
however, that not more than five or ten per cent of this unit will be 
subject to serious alkali trouble if irrigated. 

Samples were collected &om the surface and subsoil, of the type 
most apt to give alkali trouble, and the total alkali as determined 
is given in the last column of the table of ''Soil Analyses." 

Drainage. In general, drainage on the North Unit is fairly good. 
The hardpan under the surface seems to run at a uniform depth and 
appears to be fairly free from such formations as are known as hog- 
backs and pockets, which interfere with under-drainage. The hard- 
pan is somewhat porous, and will take up fifteen to twenty per eeut 
moisture. The country rock immediately under this hardpan is 
generally porous and disrupted so that it is believed there will be 
some slow under-drainage through most of the substrata on the North 
Unit if irrigated. Irrigation will also have a tendency to soften 
this hardpan layer and to increase slightly the depth of the soil. 
There will be a tendency for irrigation to cause the packing or 
running together of the fine sand, particularly where a little clay 
is present in the subsoil, though it is believed that careful croppincj 
and cultivation will offset this tendency. Some of the basins con- 
taining a very fine sandy loam are imperfectly drained, and in 
time may develop a little alkali trouble, if irrigated. The subsoil 
on the Agency Plains also shows a tendency to be sticky and cement. 
This soil can be expected to give some trouble, but it is believea 
that it can be handled by using clover and barnyard manure on the 
ground every few years. The surface slope is about twenty-five feet 
per mile, and there is very little chance of any water standinr? over 
any considerable area of the surface. There are good outlets on all 
sides of the Plain, and it is very probable that vertical drninage 
could be provided. 

Drainage on most of the West Unit and South Unit is fully as 
rapid as is desirable. There are a few pockets on each of these units 
which are land-locked, but most of tiiese ha\e been exclude i i'rom 
the area under consideration, and they are not exttMisive enough 
to materially affect the project. 
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Probable Value of Irrigation. At present the area iiiciiuled in the 
North Unit, is a second class dry farming distri'jt. The averacje 
yield of the leading crop, wheat, is about fourteen bushels per acre, 
and since about half of the land is in fallow each year, or uncropped, 
the average annual yield is perhaps six or seven bushels per acre. 
The present system of farming, to grain and fallow, includes little 
or no provision for maintaining the fertility of the soil. Most of 
the water for live stock has to be hauled from the nearest railway 
station, and largely for this reason little live stock is kept and 
almost no manure applied to the land. 

In general, land that will produce enough to pay for the cost of 
production by dry farming, has sufficient usable water capacity 
to make it fairly good soil for irrigation purposes. In general, soils 
eighteen inches or more in depth in this region will make fair soils 
for irrigation purposes, provided they lie fairly well. Most of the 
land now dry farmed in the North Unit will meet this qualification as 
to depth, and the topography in general is favorable for irrigation 
farming. A good proportion of the land still in a raw state in 
this area, is also fairly suitable for irrigation farming. There 
are perhaps three sections of land, or probably two thousand 
acres, mainly the tracts designated as stony loam, and occupying 
the ridges east of Madras and Metolius and the breaks south 
of Madras, which are largely too shallow or too steep to be suc- 
cessfully irrigated, and in fact, it is largely range land. Also in 
the broken country south and east of Section 4 in Range 14 East 
Township 10 South, some land is too shallow or too steep to be 
suitable for irrigation. Otherwise, it is believed that the lands in 
the North Unit will stand irrigation, although the finer textured 
soils will need to be handled carefully if irrigation is to be a 
thorough success. 

If the North Unit were irrigated, alfalfa and clover would easily 
become the leading crops. Alfalfa could be used in a short rota- 
■• tion on the soils that are two feet in depth and could be used for 

> fairly permanent meadow on the soils of greater depth. Where the 

* soils are less than two feet in depth, clover would be a much safer 

V crop to use, and should be used in about four year rotation. It is 

I believed that the average yield of legume hay, of 3 tons per 

acre, could be depended on and it is very possible that this average 
might even be increased. Barley should be the leading small grain 
5 in this district under irrigation, and should yield 50 to 60 bushels 

"i per acre, at least. Barley would serve as a nurse crop in seeding 

'^ down meadows, and would furnish grain for stock. Oats and field 

"^, peas should also be used to some extent for grain feed. Corn, po- 

tatoes, and roots should also become staple crops and should be 
used in rotation with the clover and grain. These crops are pri- 
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luarily dairy and hog feed, and the manure from these animals is 
needed to build up and keep up the fertility of the soil and to 
bring it into a more intensive state of production, which is possible 
under irrigation farming. 

The advent of irrigation on these lands, then, would mean a greater 
diversity of production and more intensive methods. It would mean 
crop surety, closer neighbors, more shade, water for live stock, and 
less dust. It would compel closer cooperation. 

The lands on this unit are in a fairly compact body, with the 
least desirable land on the outside. They are mainly cleared, and 
require a comparatively small amount of leveling. Good transpor- 
tation facilities are already at hand, and there is a goodly number 
of settlers already established in this area. Their knowledge of 
moisture conservation gained by dry farming would be an asset in 
irrigation farming, though their habits of extensive farming, and 
their machinery now on hand would probably prove an obstacle to 
any change. 

Everything considered, it appears that it will cost about all it is 
worth to bring these lands under irrigation, from an agricultural 
standpoint, but it is believed desirable from the standpoint of the 
commonwealth and from the standpoint of the settlers themselves, to 
develop these lands by irrigation. Water, as well as land, can be 
expected to increase in value in Eastern Oregon in the future. 

The prevailing type of soil on the upland of the West Unit is 
practically the same as that in the vicinity of Redmond. The pro- 
ductive capacity of this district, under irrigation, would at least be 
equal to that of the Redmond district. The soil is at least as deep 
and appears to contain less stone. The cost of clearing, including 
plowing, on these uplands, will run about $15 to $25 per acre. From 
the farm survey, we find that the average cost of clearing 16 farms 
under the Central Oregon Irrigation Company's project was $23.57 
per acre, and for clearing 6 farms on the Tumalo Project, the cost 
was $16.70 per acre. The average value of land and improve- 
ments on the 16 farms mentioned above was given as $70 per acre 
in 1912. The net profit per farm is low, because many of the places 
were being improved as fast as funds were available. The averajre 
total investment in these sixteen places was $22,400 per farm, and 
the net profit for 1911 was given as $750 per farm. The average 
yield of alfalfa hay and clover hay on these farms for 1911 was 
given at 2.67 tons per acre. 

The Agricultural College conducted a demonstration farm on the 
medium (loamy) sand soil near Redmond in 1912, and the writer was 
superintendent of this farm. The average yield of clover and 
alfalfa on this farm was a little over 3 tons per acre. Corn yielded 16 
tons of fodder, rutabagas 25 tons, mangels 20 tons, field peas 3 tons 



stable manure, and the row crops were on clover Bod land. The qnan- 
tity of water used was considerably less than the one and eight- 
tenths acre feet per acre allowed. This shows something of the pos- 
sibilities of this district, where the best modem methods are employed. 
The above named crops are the ones best adapted to the West Side 
Unit, particularly the plateau division. They are primarily dairy and 
hog feed, and dairying and hog raising are the most promising 
types of farming for this district. In the Canyon bottoms, the cli- 
mate is somewhat better, and some more delicate crops can be grown. 
Clover and alfalfa should be the leading forage crops here, and 
the yield should mn from 2.5 to 3 tons per acre. Clearing in these 
canyon bottoms consists largely of removing sagebrush and antelope 
brush. There is not much loose rock and but few trees to be re- 
moved. From the farm survey above referred to we find that it cost 
6 farmers on the Sqnaw Creek project an average of $8.60 per 
acre to remove the scatteriog juniper and sage from this land and 
get it ready for the plow. The average capital invested in the)>e 
farms was $20,957, the average net profit per farm $1400. The 
present average value of land in the canyon bottoms irrigated from 
Squaw Creek, is estimated at $60 per acre. 

In general, these lands are as suitable for irrigation purposes at 
least as other lands around Laidlaw and Redmond. A few forties 
south of Tetherow Bridge, and south and east of the Buckhom Can- 
yon grade are rather shallow and very stony. They are not very 
desirable for irrigation purposes, and could well be excluded or left 
for future development. A few hundred acres of fine sand, under- 
1 
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elover was 2 tons per acre. With grain, the yield was about 
bushels, and potatoes, 125 bnshels per acre. The average investme 
in these farms was $7,700 per farm, and the average net profit 
1911 was $550 per farm. The net profit is modest because the 
places have been brought but recently into profitable productio 
and are still being improved. 

This part of the unit north of the buttes will produce 2 toi 
of alfalfa or clover and 125 to 175 bushels of potatoes, or 25 to * 
bushels of grain. The average value of land, unirrigated, wi 
given as $20 in 1912; for the irrigated land it was given as $7 
This will indicate the value of irrigation. There is also a sma 
amount of coUuvial soil on the north slope of Horse Ridge. Tl 
climate there is less favorable and this land is still uncleared. 

The medium to coarse sand, which is the main type on the Sout 
Unit, where free from rock, can be cleared for from $12 to $1 
per acre, but the stony portions of this will cost from $25 to $5( 
and more, per acre to clear up. Several farmers were intei^riewe 
on medium sand in the vicinity of Alfalfa Postoffice, where th 
soil is at least as good as the medium sand on the South Unit. Th 
average yield of alfalfa and clover hay in 1911 on these farms wa 
one and one-half tons per acre, rye hay yielded one ton per acr( 
and oats one ton per acre. The value of several farms, partly im 
proved, ranged from $40 to $60 per acre, as estimated by the owner* 

The most promising crop for the medium sand on the South Unit 
with proper moisture supply, would be clover, rye, hay, rape, arti 
chokes and hardy root crops. It is estimated that clover woulc 
yield from one to two tons per acre. 

Modem Irrigation Farming. In the above discussion, the probabh 
attainments of the average farmer have been kept in mind. The 
difference between the probability and the possibility of this sec 
tion, as of any other, is considerable. Under irrigation there n 
always a tendency for the soil to become compacted, but the extra 
root development, with proper handling, should offset this teu 
dency. With irrigation farming, the crops removed are larger, 
and as a result, larger amounts of fertilizer must be returned tvj 
the land in refuse. It is important in irrigation farming, more thaij 
in other kinds of farming, to practice a careful rotation of croi)s, 
that will permit the growing of clover or some other soil buildiu*: 
crop on the land every few years, and furthermore, that will pern It 
plowing up the land deeply at frequent intervals, so as to maintain 
a good state of tilth and a large usable water capacity. This rota- 
tion should also permit the growing of a good proportion of culti- 
vated crops each year, as such crops will require less water an(* 
will use it later in the season than do the meadow crops. A rotr 
tion of soil building crops, together with the application of manure. 
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maintains the water holding capacity and fertility, and I 
the water cost of dry matter. Larger amounts of manure ei 
used without making the soil too open, where irrigation is prat 
and deeper plowing can be done. By the use of crop rotatio: 
eluding legumes, and the use of manure, a free working 
can be. built up and kept in a higher state of production wit) 
aid of proper irrigation. Irrigation farming reaches its hi 
development in connection with intensive farming. Proper il 
tion will also provide a more favorable moisture content it 
soil. 

In general the lands of the entire project are shallow and s 
The climatic limitations coupled with the medium supply of 
food makes the project a second class irrigation proposition 
about eighty acres would be needed to make a good living 
modest profits. It is imperative to the permanent success of il 
tion farming in this whole irrigated region, that a careful s} 
of crop rotation, including feeding livestock and applicatio 
manure to the land, be established. 

POWEB POSSIBILITIES 

A power survey of Deschutes River was completed in 191 
the U. S. Geological Survey, in cooperation with the Stat« 
report of the results of the survey and subsequent studies has 
published as Water Supply Paper 344 of the U. S. Geological 
vey. The construction of any or all the irrigation units hereia 
posed will not materially affect power projects advanced it 
power report on the lower river, because the present summer 
of upper Deschutes River was already largely appropriated a 
time of the investigations and is, to a great extent, now in I 
use for irrigation. The river discharge for the non-irrigating 
son which it is fjroposed in this report to use for irrigation by stii 
comes, for the most part, at a time of the year when there is « 
plus in the lower river, under any probable development. 

It is therefore not considered necessary to discuss the effect 
irrigation herein proposed will have on the lower river f 
projects, further than to call attention to the fact that th# 
irrigation development proposed, will take all the non-irrigatin| 
son flow above the mouth of Crooked River, in addition to th 
the irrigation season heretofore appropriated by earlier project 
reciuiring storage. 

It might also be added that seepage returns to the river wha 
their amount, will be greater under the full irrigation develof 
proposed, than those resulting from the diversion of summer, 
only, a condition which will obtain with complete developm«| 
\ projects by the Central Oregon Irrigation Company and I 
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using DO storage. How much the increased seepage may be, cannot 
be foretold, but it is probable that it will be such as to increase 
the minimum flow on the lower river, over what it would be, 
were the summer flow only of the upper river diverted. 

Between the proposed Benham Palls reservoir and Bend, there 
is a total fall in the river of about 500 ft. With full irrigation 
development of upper Deschutes River, it is estimated there will 
be a maximum dischari^e of nearly 5,000 second feet from Benham 
Falls reservoir during the irrigating period, and approximately 330 
second-feet discharge for domestic supply during the remainder of 
the year. Considering the latter, there will be available for power 
development at Beiiham Falls, Dillon Falls, Lava Island Falls, and 
also in one below the latter, a head of not less than 100 ft. per mile 
of canal. The heads and approximate^ lengths of canal for these 
four sites are given below : 

• 

Benham Falls 4,000 ft. canal, 100 ft. head 

Dillon Falls 2,000 ft. canal, 65 ft. head 

Lava Island Falls 5,000 ft. canal, 100 ft. head 

Lower site 5,000 ft. canal, 110 ft. head 

For the four sites this shows a total available head of 375 feet. 
With 330 second feet flow at the two upper sites and 300 at the two 
lower sites, the continuous power available will be in excess of 
10,000 E. H. P. and with a daily variation that would not inter- 
fere with lower use, might easily accommodate peak loads of 20,000 
E. H. P. 

The cost of development would not be greatly different per horse 
power for the different sites, and for combined development of 
10,000 H. P. at the four sites, the total cost would be approximately 
$70.00 per horse power divided about equally between the cost of 
diversions, canals, flumes and penstocks, and the cost of equipment 
and power houses. 

With the use of water as assumed for irrigation, there would be 
available during irrigating season, the following combined amounts 
of power. 

May 80,000 H. P. 

June 95,000 H. P. 

July 120,000 H. P. 

August 9o,0(U) H. P. 

September 40,000 H. P. 

If a complete development were provided for the July flow, the 
unit cost would be reduced to approximately $40.00 per horse power, 
with less than one-third of thir, amount in the cost of diversions, 
canals, flumes and penstocks. If a proper market were available for 
irrigation pumping, the development of this power would appear 
especially attractive. 

There is a possibility that pumping will be economically desir- 
able for a John Day Project, with a use of from 40,000 to 60,000 
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H. P. and it was considered in this connection. The greater length 
of irrigating season for that district, and the desirability of storing 
water in a reservoir near the irrigable land, to reduce the size of 
the long supply canal to a minimum, make a continuous power 
supply so much more attractive that the long transmission dis- 
tance of about 140 miles apparently eliminates that field. A 
storage supply from Crooked River may be found more feasible for 
the area around Prineville than an Ochoco Creek supply, and in such 
case a pumping lift of from 100 to 150 feet, for from 10,000 to 20,000 
acres, would save many miles of costly canal. A lift of 150 feet 
for 15,000 acres of land would require about 4,500 H. P. A transmis- 
sion line from Benham Falls to Prineville to carry this power 
would probably cost about $2,000 per mile or about $80,000; with 
a pumping plant estimated at $100,000, the power and pumping 
alone would cost more or less than $30.00 per acre, depending on 
which power development were adopted; to this would have to be 
added storage, distributing, and operating costs. The above is 
therefore a possible market but cannot be regarded as very at- 
tractive. 

Electrically operated pumps may possibly play an important part 
in lifting water from shallow wells in the upper Willamette Valley. 
It is scarcely probable, however, that the ultimate area thus served 
will exceed 100,000 acres. With an average lift of 25 feet and a 
supply of 1 sec. ft. to 100 acres, a power line capacity of but 
5,000 H. P. would be needed. The cost per horse power for trans- 
mission line could hardly, with that small amount, be less than $40 
per H. P., which would bring the cost to $200,000 for a 90 mile line 
from Benham Palls almost due west to Eugene. Such a unit cost 
for transmission would prevent a Benham Falls plant from com- 
peting with power sites, nearer the lands in question. 

The ultimate future development of Harney Valley will probably 
necessitate electric pumping for an area of from 50,000 to 100,000 
acres. With an average lift of 30 feet this would call for 3,000 to 
6,000 H. P. and with a cost for transmission line of $3000 per mile, 
the 120 miles line required would result in a transmission cost of 
$60. per H. P. for even the larger amount. This cost is excessive, 
and unless other use for additional power could be found in that 
district to reduce the unit transmission charge, it is evident that 
Harney Valley cannot be considered as a market for Deschutes 
power. 

Following are some line distances from Benham Palls to tovms: 

Miles. Milcfl. 

Prineville 38 Silver Lake 58 

Madras 52 Klamath FaUs 160 

McDonald 120 Eugene 86 

Umatilla 170 Salem .108 

Burns 120 Portland 128 
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It is probable that in years to come, a market for at least the 
ten to twenty thousand continuous horse power will develop, and 
it 18 therefore a remote asset to the state; but it does not appear 
that any present value can be attached to the power features for 
the purpose of the estimates submitted herein. 

Construction, Designs and Estimate of Cost. 

Special attention is called to the fact that the estimates in this 
report are to be regarded as advance or preliminary estimates of 
cost only. They are, nevertheless, founded on good field investiga- 
tion and careful office computation, and may be considered a rea- 
sonably safe guide in determining future policies to be followed 
with respect to development of the water resources of this basin. 

The estimates should not, however, be construed as indicative of 
any estimated costs that may be announced by the Secretary of the 
Interior through the public notice rquired by Section 4 of the Recla- 
mation Act of June 17, 1902, (in advance of any construction by the 
Government.) 

Attention is called to the fact that the figures given are merely 
the first cost, or actual disbursements estimated as necessary to 
build the work. No allowance has been made for interest, dis- 
counts or sinking fund. 

B£NHAM FAUiS KB8EBV0IB AND DAM DESIGN. 

A first impression at Benham Falls is that the proper location for 
a dam is at the head of the Falls. Closer examination however reveals 
the fact that the river has in quite recent geologic times, been 
pushed over to the place it now occupies, from some place east 
of its present location, by successive lava flows which at the same 
time have raised the river bed some several hundred feet. The 
latest movement seems to have been due to the lava flow from Lava 
Butte, which raised and crowded the river toward and through a 
gap in the older geologic formation, which now shows along the west 
side of the river for several miles above and below Benham Falls. 

Borings show that a masonry dam is not practicable anywhere 
in this vicinity, and a loose rock and earth fill dam, located at 
site A (Sheet No. 21), proves to be the most economical. 

It has been shown that the storage capacity required at Benham 
FaUs reservoir, on the assumptions made as to seepage and evapora- 
tion losses, and with no provision for carry-over storage from years 
of low run-off to years of high run-off, is in round numbers 395,000 
acre feet. The maximum elevation of water surface for this storage 
is 4197.0 feet and the area flooded is approximately 18,000 acres. 

The dam as designed provides for an excess storage of 47,500 
acre feet, with spillway crest at elevation 4200,0 feet and total 
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terial in excavation was made from surface examination only, the 
canal sections being comparatively shallow. 

ESTIMATED COST. 

Excavation, earth 210,400 cu. yds. @ $0.25 $ 52,600 

Excavation, rock 117,700 cu. yds. @ 1.10 129,470 

Concrete canal lining (1 to 1 side slopes) 6,000 cu. yds. @ 7.50 37,500 

Concrete canal lining (% to 1 side slopes) 200 cu. yds.® 8.75 1,750 

Concrete structures 1,100 cu. yds. @ 1.50 16,500 

Steel reinforcement 72,000 lbs. @ .05 3,600 

Concrete pipe, reinforced, 28 in. diameter in place @ $2.80 3,290 

Highway bridges, 4 @ $150 600 

Turnouts, 110 sec. ft^ 1 290 

Turnouts, 30 sec. ft. 1 72 

Turnouts, 15 sec. ft. 2 @ $96.50 193 

Wasteway at mile 5.1 575 

Wasteway at mile 11.3 5,340 

Wasteway at Little Palls 500 

Culverts, 5 @ $200 1,000 

Telephone line, 25 miles @ $250, including patrol houses 6,250 

Wire fence, 5 wire, 42 miles @ $125 5,250 

Distributing system, 20,325 acres at average cost of $9.80 per acre 199,185 

Headgates at Aubrey Falls diversion weir 900 

Drainage @ $1.00 per acre 20,325 

Bight of way, land improvement, etc 3,500 



$488,690 
Engineering and administration, 25 per cent 122,310 

$611,000 

The total estimated cost of the proposed West Side Unit, to irri- 
gate 20,325 acres, is as follows: 

Storage and water rights $188,500 

Aubrey Palls diversion dam, part 32,000 

Canals and distributing system 611,000 



$831,500 
Estimated cost per acre, $40.91. 

A West Side Unit, to irrigate approximately 15,000 acres has been 
proposed and described in Bulletin No. 2 Deschutes River Projects. 
This Bulletin is incorporated in the present report Pa^s 74 to 86 
inclusive and estimated cost of this smaller project is given on 
Page 83. 

NORTH UNIT— CANAI3 AND DISTBXBUTINO SYSTEM. 

The North Unit is planned to irrigate 99,300 acres. In general, 
the natural slope of the ground over which the canal systems for 
the North Unit pass, is such that it is possible to transport the 
water at a very high velocity, permitting therefore, a canal of 
relatively small cross section. For this reason, all of the main 
canals and a large part of the distributing laterals have been de- 
signed to be concrete lined. See Sheets No. 58 to 65 for section? 
proposed. 

Open test pits were dug throughout the main canal line from 
Aubrey Palls diversion site to Agency Plains, at approximate inter 
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No allowance is provided in the estimate for changing of Oregon 
Trunk railroad location or purchase of right of way lands other 
than as above. 

OBANE PRAIBIE BE8EBV0IB AJSID DAM DESIGN. 

The type of dam proposed for Crane Prairie Reservoir is similar 
in general to that proposed for the Benham Falls Reservoir. An 
outlet control using stop logs is planned instead of the sluice gate 
control proposed at Benham Falls, as the maximum depth of water 
above the bottom of the outlet channel will be only 35 feet. See 
sheet No. 67. 

All of the lands within the site of the proposed Crane Prairie Reser- 
voir remain unpatented and may therefore be acquired from the 
federal authorities without cost if used for the purposes of irriga- 
tion. The right to compare the cost of storage in the Crane Prairie 
Reservoir, on this basis, with that at Benham Falls, from the point 
of view of social economy may be questioned. However, such 
appears to be the price at which the water users may obtain the 
necessary storage and the estimates of cost of storage herewith sub- 
mitted are made on this basis. 

CBANE 1>BAIBIE BESEEVOIB AND DAM— ESTIMATED COST 
l*ftin, 

Diversion diannel and spillway — 

Excavation, rock 18,000 on. yds. (a) $ 1.50 $27,000 

Excavation, rock 1,000 cu. yds. @ 1.25 1,250 

Concrete lining 300 cu. yds. @ 12.26 3,675 

Concrete gates and spillway 550 cu. yds. @ 14.50 7,975 

Steel reinforcement 2,000 lbs. @ .06 120 

Stop logs, hoists, railings and miscellaneous 1,745 



Embankment — 

Earth stripping 2,500 cu. yds. @ $ 0.50 

Earth excavation 1,000 cu. yds. 0) 

Earth haul (% mile) 30,000 cu. yds. (^ 

Earth puddling 31,000 cu. yds. @ 

Bock haul (diversion channel) .... 20,500 cu. yds. (q; 

Bock haul, spiUway 1,500 cu. yds. @ 

Biprap paving 7,000 cu. yds. (« 

Cofferdam and trestle work $ 400 

Beads, 5 miles @ $500 2,500 

Construction bridge 400 

Building, temporary, 3 @ $500 1,500 

Building, permanent, 1 2,000 

Telephone line to La Pine, 20 miles @ $100 2,000 



0.50 


$ 1,250 


0.25 


250 


0.50 


15,000 


0.20 


6,200 


0.50 


10,250 


0.25 


375 


2.50 


17,500 



$ 41,765 



$ 50,825 



$ 8,800 
Puddling reservoir along east side 20,000 



$121,390 
Engineering, administration and contingencies, 25 per cent 30,610 

$152,000 
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WATEB FOWBB EIOHTa-^STIMATBD VAI1IJB& 

There are a number of rights, some developed or partly devel- 
oped, but the majority undeveloped, between Bend and the month 
of the river. No attempt has been made to appraise these indi- 
vidually nor will any estimates of the cost of damage to any unde- 
veloped plant be stated. 

For purposes of this estimate, and only to insure that all mat- 
ters of expense and damage have been sufficiently covered, an allow- 
ance of $300,000 has been made for all damage of this description 
from Benham Falls to the mouth of the river. 

COST FEB AOBE-FOOT OF WATEB AT DXVEBSION POINTS. 

It has been noted that, for the projects proposed, with the as- 
sumptions as to duty of water, reservoir and canal losses, and prior 
water rights, there would be a deficiency of about 2 per cent in the 
mean annual run-off at Benham Falls. 

The cost of water per acre-foot herein used is based upon neither 
the maximum nor minimum run-off and not exactly upon the mean 
run-off — but upon the assumed annual demand of water at diver- 
sion by the projects proposed, which together with the assumed 
prior water use, is approximately 2 per cent greater than the mean 
annual run-off of Deschutes River; the cost of storage is distributed 
to the several proposed units in proportion to the water diverted to 
each. 

The total estimated cost of water at diversions is as follows: 

Crane Prairie reservoir $ 152,000 

Benham FaUs reservoir 991,000 

Power and other affected rights 300,000 

Total $1,443,000 

Total estimated amount to be diverted 614,400 acre-feet. Cost 
per acre-foot at diversions $2.35. 

The estimated cost of water at diversion for the West Side, 
North and South Units, is as follows: 

Diversions, 

acre-feet. Cost. 

West Side Unit 80,200 $ 188,500 

North Unit 317,500 745,500 

South Unit 216,700 509,000 

Total 614,400 $1,443,000 

AUBREY FALLS DIVEBSION DAM. 

See Sheet No. 42. Under West Side Unit, ** Investigations for this 
report," was discussed the location of a diversion site for the West 
Side Unit, to serve at the same time for North Unit diversion. The 
site referred to as Aubrey Falls diversion site was selected for 
these plans and estimates after test borings had been made at both 
this site and that at Swalley Bridge. 
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vals of a mile. Between these pits, either earth augur holes were put 
down to rock, or soundings were made with steel sounding rod at 
irregular intervals of about a thousand feet. The main canal and 
main lateral system for this entire unit, from Aubrey Falls diver- 
sion to Agency Plains, and to Bound Butte, are designed to be 
concrete lined. The 18 miles, from Deschutes River to Crooked 
River crossing, lends itself admirably to this design, the slope of 
the land being such that an average velocity of 10 to 12 ft. per 
second can be maintained. 

From the Aubrey Palls diversion to the Crooked River crossing, 
no difficult construction is encountered. This section of canal how- 
ever will be unique in that it will carry a volume of water ap- 
proximately equal to the entire water flow of the present Deschutes 
River at this point, and at an average velocity of 12 ft. per second. 
For the Crooked River crossing, a grade crossing appeared most 
economical, and the plan contemplates a reinforced concrete aque- 
duct supported upon a steel arch bridge similar to the present Ore- 
gon Trunk R. R. Bridge. The first five miles of canal beyond 
Crooked River, will be expensive to construct, as there is about 
one mile of tunnel and 0.41 miles of reinforced concrete flume, while 
the remainder is canal located on a steep side hill. The slope of 
this canal section is relatively flat, as it was necessary to hold 
up the grade in order to pass controlling points. North from 
this point, the main canal continues on a relatively steep grade. 

The main lateral to Round Butte, which takes out at mile 36.8, 
will serve not only the lands west and north of Round Butte 
and extending to Willow Creek Canyon, but also other lands south 
of Round Butte. A lateral from mile 46.6 will serve lands about 
the town of Metolius. At mile 50, the main canal crosses Willow 
Creek by a pipe line and continues northwest to Agency Plains, 
which it reaches over an aqueduct from mile 59.62 to 59.90, and 
through a pipe line from mile 60.25 to 61.28. At mile 57.7, a lateral 
takes out from the main canal and continues east across Mud 
Springs Creek to serve the lands lying between Mud Springs Creek 
and Hay Creek. 

The estimated cost of construction of the canal and distributing 
system for the North Unit is as follows : 



C«a«rate Pilot Butte Oui&l eroaaing, MiiLtoread 27 ea. jAa.@ IS.OO 3£4 

Bailwaj cToaaing, additioQKl 500 

Wastewsj'B, 2 @ «2,000 4,000 

CitlvertB, 6 fu «30D 1,800 

Telephone line, inelading patrol hotue, IS milea @ $250 4,500 

Bridges, 15 @ »230 3,750 

Wire fence, 5 wire, 36 miles @ $125 *,500 

Bight of wBj 5,700 

Diveraioi), 6 sets of alniee gates @ M50 2,700 

t622,874 
Engineering tnd adminiBtnition, S5 per cent 155,126 

Total eost, Aubrey Fall* divertion weir to Crooked Bivtt |77S,DO0 

OBOOKBD EIVER, NORTH TO LANDS. 

Crooked Biver Crosaing, steel arch, bridge and concrete flmne $104,176 

Open cnt exeavstlon, earth 650,000 en. Tds. @ t .20 130,000 

Open cot excavation, hardpan 246,000 ea. yds. (n .50 123,000 

Open cut excavation, rock 370,000 cu. yda. @ 1.10 407,000 

Tunnels, 4S00 lin. ft. excavation @ (22.00 105,600 

Tttunela, 4800 lin. ft. concrete lining, 6,000 en. yds. @ «12.00 72,000 

Tunnel portal 73 en. yds. @ »10.OO 720 

Canal lining, concrete 109,500 en. yds. @ S.50 930,750 

Flames, concrete, reinforced 6,268 en. yds. @ 12.00 75,228 

Plumes, concrete, unreinforced 275 en. yds, @ 9.00 2,475 

Willovr Creek Croemng, 2-60-inoh steel pipes 45,000 

Bonnd Butte pipe line, reinf. concrete, 46-i&. diam 17,500 

Agency Plains pipe line, steel and reinf. concrete 72,000 

Uud Springs pipe line 15,000 

Uain turnouts, 4 (w <360 1,400 

Small tarnonte, 15 @ $200 3,000 

Culverts, 14 @ $300 4,200 

Wasteways, 5 @ «2,000 10,000 

Waateways, 2 ^ (800 1,600 

Telephone line, incl. patrol houses, 50 miles @ $250 12,500 

Railway crosmngs, 2 (•> $500 l.OOo 

Bridges, 20 & $300 6.000 

Bridges, 10 (ffi $150 1,300 

Distributing system, 99,300 aeres @ average ooet of $8.39 per acre*.. 832,134 

Drainage »,300 

Wire fence, 5 wire, 88 miles (n> $125 10.7.iil 

Bight of way 10,000 



Engineering and administration, 25 per cent.. 



lumber of differing costs for 
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TOTAL ESTIMATED COST. 

The total estimated cost of the proposed North Unit, to irrigate 99,- 
300 acres is as follows: 

The total estimated cost of the proopsed North Unit, to irrigate 99,300 acres, 
is as follows: 

Storage and water rights $ 745,500 

Aubrey Palls Diversion, part 129,000 

Canals and Distributing system 4,645,000 

$5,519,500 
Estimated eost per acre, $55.58. 

SOUTH UNIT— CANALS AND DISTBIBUTINO SYSTEM. 

The South Unit is planned to irrigate 48,460 acres oi land. The 
diversion dam, which is located at Lava Island Falls, will raise the 
water only 8 feet, or sufficient to regulate the supply into the 
canal. (See sheet No. 23). The plans contemplate the location of 
the headgates for the Arnold Ditch at this diversion. The bed of 
the river at this point appears to be solid rock and as the structure 
is low and its cost relatively small, no test borings were made 
at this site. 

LAVA ISLAND DIVEBSION VTEIB^ESTIMATED COST. 

The estimated cost of the Lava Island Diversion Weir is as follows : 

Temporary diversion and control, say $ 2,500 

Excavation, 500 cu. yds. @ $1.50, $ 750 

Excavation, 500 cu. yds. @ 3.50, 1,750 2,500 

Concrete, 900 cu. yds. @ $12.00 10,800 

Oate keeper 's house and stable 2,500 

Hand railings, steps, stop logs and miscellaneous 1,200 

$ 19,500 
Engineering, administration and contingencies, 25 per cent 4,500 

$ 24,000 

The canal line for the proposed South Unit is planned to be 
partially earth lined and partially concrete lined, the 30 miles 
from the diversion to the Dry River Bed crossing being practically 
all concrete lined, -while the remainder is practically all earth 
lined canal. See Sheets No. 52 to 57 inclusive. At the Dry River 
Bed a pipe line crossing is used. At mile 35, a drop is utilized 
to avoid an expensive crossing over a dry canyon. At mile 43.6 the 
main canal drops down approximately 100 feet, while a lateral 
continues northward from the head of the drop for about 7 miles. 
At mile 46.5 the main canal drops about 30 feet, in order to obtain 
more favorable location; it then continues north to the pass south- 
east of Powell Buttes, with laterals extending from this point 
around Powell Butte. 

The cost of construction on this unit will be relatively high, be- 
cause of the long distance from railroad connection; because of 
^he absence of water and the consequent necessity of transport- 
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ing it for construction purposes; and because of the lack of sand 
and gravel suitable for construction along the first 30 miles of 
canal. It is provided that, for the major part of the work, concrete 
material will be obtained by crushing and rolling the native rock. 

No test pits were dug for classification of material for canals of 
this unit. The Arnold Ditch parallels the location for the first 
10 miles, and furnishes a very fair basis for classification of ma- 
terial, from diversion to the lava beds just west of Dry River. It 
is believed the classification used throughout is conservative. By 
far the larger part of the main canal is designed to be concrete 
lined. Very little land under this unit is served, west of the 
Dry River Bed, approximately 32 miles from the diversion. 

MAIN CANAL AND DISTRIBUTING SYSTEM— ESTIMATED COST. 

Excavation, earth 578^90 cu. yds. @ $ .22 $ 127^46 

Excavation, rock 485,970 cu. yds. (a; 1.25 607,462 

Concrete canal lining 1,008 cu. yds. @ 10.80 $ 10,886 

Concrete canal lining 16,733 cu. yds. @ 10.50 175,697 

Concrete canal lining 40,345 cu. yds. @ 9.00 363,105 

Concrete canal lining 8,918 cu. yds. (a} 8.00 71,344 621,032 



Concrete drop at mile, 43.6, incl. turnout 6,000 

Concrete drop at mile, 46.5, incl. turnout 8,000 

Dry Biver Bed pipe crossing, steel pipe 14,960 

Wasteways 5,000 

Highway bridges, 20 7,500 

Culverts, 2 @ $500 1,000 

Overhead waterways, 50 (a $40 2,000 

Telephone line, 61 miles @ $250, incl. patrol houses 15,250 

Wire fence, 5 wire, 120 miles @ $125 1.3,000 

Eoads, 28 miles @ $500 14,000 

Drainage 50,000 

Sluice gates and hoists. Lava Island Diversion 2.500 

Distributing system, 48,460 acres @ $8.53 per acre, average 413,364 

Bight of way 6,000 



$1,916,314 
Engineering and administration, 25 per cent 479,686 



$2,396,000 
TOTAL ESTIMATED COST. 

The total estimated cost of the proposed South Unit to irrigate 
48,460 acres is as follows: 

Storage and water rights $ 509,000 

Lava Island Diversion 24,000 

Canals and distributing system 2,396,000 

$2,929,000 
Estimated cost per acre, $60.44. 
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OPEAATIOK AND liAINTEKANOE. 

Strictly speaking, operation and maintenance should include only 
the labor and supplies necessary to operate the irrigation system 
economically, and maintain it in as good condition as when first 
constructed. The line between what is operation and what in 
maintenance is not always clear. For example, it is necessary for 
the man or men who open, regulate and close gates at the man> 
turnouts along main canals and main laterals, to ride or go from 
one gate to another. While doing this they watch the ditches for 
any new leak, threatened break, accumulation of weeds and drift, 
or other of the many troubles encountered in canal operation, and 
either correct the troubles at the time, or telephone a report on 
them from the nearest telephone patrol box, to the superintendent. 
These men are customarily called ditch riders. The actual operation 
of opening and closing gates is clearly operation; the repairing of 
leaks, removal of weeds from canal, etc. is clearly upkeep or main- 
tenance; but the time spent in traveling from point to point on 
canals is properly chargeable to both; for this reason, the two 
subjects are invariably referred to under one combined head when 
relating to irrigation management. 

From time to time, in the best designed and constructed irriga- 
tion systems, it is found desirable to make what are usually referred 
to as betterments. For illustration: if it should appear that a change 
in canal location costing $2000.00 and shortening the length a half 
mile, will reduce the cost of operation and maintenance $140.00 a 
year, it would be economy to make it, if interest on monej' is not 
greater than 7 per cent. It is often real economy to build cheaply 
in the beginning, when there is perhaps lack of confidence in the 
project and the interest rate is therefore high, with the expectation 
that when money is cheaper changes will be made. This better- 
ment work is often done by the regular Operation and Maintenance 
force and is therefore, for convenience of accounting, sometimes in- 
cluded with or under Operation and Maintenance. 

The following tabulation of Operation and Maintenance costs is 
from the Reclamation Service reports for 1912 on the projects partly 
or wholly constructed. The practice of including betterments with 
Operation and Maintenance has since been discontinued by the 
Reclamation Service. 
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GoMral: The term irrigable designates the area that the service can supply 
with water. 

A ril - J H lt BiT«r: Area ineludes entire valley. Water delivered based on esti- 
mate of 3.52 acre-feet delivered to land for year ending May, 1912. 

A rif Cal . T mna; Costs include operating of three pumping plants. 

CaL-jQrIiaid: Area irrigated includes town lots aggregating 170 acres. 

Colo — ^Uaocmpaglire VaU^: Area irrigated includes the entire valley. Costs 
and water delivered are for the 27,887 acres irrigated directly by the Service. 
In addition, 4,513 acres under private canals were supplied with Qunnison 
water, and 15,623 acres were under private canals without Gunniaon water. 

T dnh o Bo la e; Area includes 18,000 acres irrigated under contracts with private 
companies, and includes 315 contracts. Water delivered to farms on rental 
eontracts, 78,775 acre-feet, or 1.8 per acre; water delivered to private com- 
panies, 40,473 acre-feet, or 2.25 per acre. 

TrtnTio Minidoka; Cost of drainage work included in betterments. Water 
reported was that delivered to heads of laterals. Canal mileage is exclusive 
of drains. 

Mont. — Huntley: Cost of betterments includes $26,173 for drainage construction. 

Kev«— Trackee— Oaxson: Area irrigated under rental contracts, etc., includes 
11,561 acres under unsettled vested water rights. Cost per acre irrigable 
area is based on 90,700 acres, part of which is supplied with flood watier. 

K. Itoc — Hondo*: Costs per acre irrigable area are based on 10,000 acres, the 
estimated area of completed project. 

N. Dak. — N. Dak. Pumping: No water was pumped on the Buford-Trenton unit. 

Ore QUI BTlamatli: Area und«r water rental contracts iiLcludes 1,771 acres 
under vested water rights. 

Wsiih, Okanogan; Area irrigated under rental contracts includes 1,350 acres 
under vested water rights. 

WaslL — .Taklma-Snnnyfllde Unit: Area irrigated under contract includes Wash- 
ington Irrigation Co., and Eennewick water rights. 

It is seen that the mean cosjt of operation, upkeep (maintenance) 
and betterment, per acre irrigable, was $0.36, $0.56 and $0.35, respect- 
iyely, and that the mean total cost of Operation and Maintenance (in- 
clnding betterment) was $1.27 per acre irrigable. It should be noted 
that in most cases the irrigable land is in excess of that actually irri- 
gated. This is because many of the projects are new and all the land 
is not yet cultivated. A little more than half the total area irrigable 
was actually irrigated at that time, and if the entire cost of Operation 
and Maintenance were charged to the irrigated area, the acre cost of 
Operation and Maintenance would be almost double that given in the 
table. While the total operation and maintenance cost would be some- 
what greater if the entire irrigable area were irrigated, the differ- 
ence in most projects would be small because all the main canals and 
main laterals at least are operated, and generally, most of the sub- 
laterals for the areas given as irrigable. It must also be borne in 
mind that many of these projects are still in their early years, when 
the maintenance of the new canals and ditches is much more expen- 
sive than in later years. Each successive year of the projects in 
operation has shown a decreased cost of operation and maintenance, 
and it may be expected that the mean cost, in time, will be reduced 
to $1.00 per acre or even less. 

For the Deschutes Project proposed in this report, the larger canals 
are designed to be concrete lined and all the structures, except the 
smaller farm turnouts, to be of concrete or metal. The maintenance 
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should therefore be smaller, at least per mile of canal, and the bet- 
terment cost should not be greater. On the other hand, the operation 
costs will be greater because the canal system must operate in part 
throughout the non-irrigating season, in order to furnish the domestic 
water supply, as well as during the irrigating season in full. This 
increased cost of operation might be as much as 25c per acre, making 
a total cost of 60c per acre for operation alone. If the upkeep of 
maintenance can be reduced to 40c per acre the true operation and 
maintenance will then be $1.00 per acre. It does not seem unreason- 
able to expect that this figure may be reached in time. To this 
would be added the cost of whatever betterments are found desirable 
or necessary, if cost of betterments are included in Operation and 
Maintenance. 

Summary and Conclusions, 

S17M1CABT 

1. Oregon Cooperative Work investigations are made by the United 
States Reclamation Service and the State of Oregon acting in coopera> 
tipn. The work has been carried on under an agreement published 
in full herein. 

2. Funds for conducting the work are provided in an appropria- 
tion of $50,000 by the State of Oregon and an allotment of an equal 
amount by the Secretary of the Interior from the Reclamation fund. 

3. The purpose of the work is '*to provide for detail surveys and 
investigations of the water resources of the State of Oregon" with 
particular reference to irrigation and power possibilities. 

4. This report has reference only to the Upper Deschutes River 
basin and does not include Crooked River drainage. 

5. The normal summer minimum flow of Deschutes River at Bend 
is approximately 1,600 second feet, with an extreme recorded min- 
imum of 1,000 second feet January 4, 1912, and maximum recorded 
discharge of 4,760 second feet November 27, 1909. The mean annual 
run-off at Benham Falls over a period of 10 years is 1,210,000 acre 
feet. Approximately 20 per cent of this run-off is from Crane Prairie. 

6. The area now irrigated, or for which contracts have been made 
with the State under the Carey Act, north of Benham Falls, is ap- 
proximately 115,000 acres, for which there is available from the sum- 
mer flow of Deschutes River without storage, not to exceed 450,000 
acre i'eet of water. In addition, construction is commenced and con- 
tracts have been made with the State under the Carey Act, for ap- 
proximately 30,000 acres of land south of Benham Palls, for which 
storage is planned in Crescent Lake. 

7. Full irrigation development in this basin will require storage oi' 
the greater part of the entire remaining supply of over 750,000 acre 
feet. 



ana aona oi urooxea ibiver; isoain unu oi approzimaieiy 4B,uui' 
acres soutb of the present Central Oregon canal and extending north 
to Powell Buttes; and an East Side Unit of 35,000 acres, consisting 
of the North Canal Unit of the Central Oregon Irrigation Company. A 
valaation of the construction already done by the Company on this 
last mentioned unit h^ been made. 

9. In addition to water snpply for irrigation plans and estimates, 
it is assumed that a domestic supply will be required throughout the 
non-irrigation season. 

10. Duty of water is estimated at from 2.0 acre feet to 2.5 acre 
feet per acre at the land. The irrigation season has been estimated 
as from fore part of May to early in September with maximum use 
during month of July. 

11. Storage is proposed of approximately 100,000 acre feet in 
Crane Prairie and 400,000 acre feet in Benham Falls reservoir. The 
dam for the latter is about one mile above the head of Benham Falls. 

12. Agricultural or soils survey of the irrigable areas, show soils 
generally 16 inches or greater in depth. The physical character of 
soil for irrigation and cultivation is generally good, but the plant food 
content lb frequently light, particularly in nitrogen, which will havt- 
to be added to the soil. 

13. Estimated cost of Benham Falls reservoir including dam, 
$991,000. 

14. Estimated cost of Crane Prairie reservoir and dam $152,000. 

15. Estimated values of water power rights necessary to acquire 
for complete development of all units $300,000. 

16. Estimated cost of water per acre foot at diversion points $2.35. 

17. Estimated cost of Aubrey Falls diversion dam raising water 58 
feet, $161,000, of which $32,000 is chargeable to West Side Unit and 
$129,000 to North Unit. 

17V2. Estimated cost of West Side Unit for 20,325 acres, $831,500 
including storage, water rights and portion of diversion dam cost. 
Acre cost, $40.91. 

18. Estimated cost of North Unit including storage, water rights. 
and portion of Aubrey Falls diversion dam cost, $5,519,000. Acre 
cost, $55.58. 

19. Estimated cost of South Unit including storage, water rights 
and Lavft Island diversion, $2,929,000. Acre cost, $60.44. 

20. Drainage allowance in estimates $1.00 per acre. Not consid- 
ered possible to make drainage estimates in advance of necessity for 
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drainage but not expected to become a serious problem at any time, 
for areas considered. 

21. Operation and maintenance cost estimated at $1.00 per acre 
finally, but expected to be considerably greater during first years of 
operation. Betterments are not included in this figure. 

OONOLTI8IONS 

It appears from the investigations and estimates: 

1. That the water supply may be considered adequate for the irri- 
gable areas proposed. 

2. That from the standpoint of engineering and construction, ail 
the projects may be considered as feasible within the estimated costs, 
but that the estimated costs here given should be appropriately in- 
creased by the addition of interest charges, or discounts, to obtain 
the actual cost of the work to the settler, unless the work be con- 
structed by funds that do not bear interest, as in the case of U. S. 
projects built under the Reclamation Act. 

3. That in considering the matter of desirability of these tmits or 
the balance of reasons for or against their construction, after takintfi 
into account all related elements of costs, and the values of the im- 
proved properties, the following deductions appear warranted : 

a. That the West Side Unit for either the larger or the smaller 
alternative, is desirable at the estimated cost if interest on borrowed: 
capital does not exceed 6 per cent. 

b. That the North Unit, at the estimated cost, is desirable at this 
time, under some plan of repayment similar to that provided by the 
United States Reclamation Extension Act, and with interest on bor-| 
rowed capital not exceeding 3 to 4 per cent. 

c. That the South Unit is not desirable at the present time, but 
that with money that does not bear interest, as the original United 
States Reclamation Fund, and under the Reclamation Extension Act 
plan of 20 year repayments, it will doubtless prove desirable when 
the other units have been developed. 

4. That there is a total available fall in the river between Benham 
Falls and Bend, of about 500 ft. of which nearly 400 ft. is available 
for power development in 4 separate falls of from 65 to 110 ft. each; 
that with the domestic water supply of 330 second feet estimated, it 
is feasible to develop at these falls 20,000 H. P. continuous throughout 
the year, with a load factor of 50 per cent; and that with the full 
irrigation development, it will be possible to develop approximately 
100,000 H. P. at these falls, limited to the period of the irrigatini: 
season. 

5. That owing to the great distance from general markets, devel- 
opment of the continuous power proposed between Benham Palls and 
Bend is not practicable and that sufficient market for the summer 
power proposed cannot be found, to make its development desirable. 
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BEOOIOGSNDATIONB 

It is therefore recommended that for protection of the interests of 
the public in these projects all public land included in the areas 
shown on Sheet No. 164, be withdrawn for entry under the Reclama- 
tion Act. Also that all public water of Deschutes River above Aubrey 
Falls be withheld from such appropriation and use as may interfere 
with the projects herein reported as desirable for development, and 
that other than these no public lands or water be further withheld 
from entry or appropriation for this project. 

LJkNB AMD WATEB WITHDRAWALS 

In compliance with terms of agreement May 5, 1913, between the 
United States and State of Oregon, the public lands not otherwise dis- 
posed of, shown on Sheet No. 164, have been recommended to be with- 
drawn from entry by the Secretary of the Interior. 

Lands for Benham Falls and Crane Prairie reservoir sites have 
been withdrawn under the first form. Irrigable lands for West Side 
Unit have been withdrawn under the second form. 

Under date of February 28th, 1913, both the unappropriated waters 
of Deschutes River which may be stored in Benham Falls reservoir, 
and the regular flow, were withdrawn from further appropriation by 
the State Engineer, in compliance with agreement of May 5, 1913. 

COST OF IKVESTIGATIONS AMD BEPOBT 

« 

Following is distribution and total cost of investigation to Novem- 
ber 30, 1914. The estimated cost of completing preparation of maps 
and printing of report, 2,000 copies, is $1,500.00. 

BumnuuT of work and costs. November 30, 1914 

Paid by Paid by 

United States Oregon 

8tream Qanging $ 1,460.82 

Dam Site Topography, 3.6 sq. mi., Canal line run 14.7 mi. 

(400 ft. to 1 in.) $ 814.00 257.75 

Bam Site Borings, Benham FaUs, 1426 ft 3,253.88 4,028.79 

Canal Line Investigations — 

Canal Lines mn 340 mi., topography 170 sq. mi. 

(% mi. to 1 in.) 4,401.43 4,078.69 

Irri^ble Land Investigations — 

Aneroid topography, 448 sq. mi., reconnaissance and 

topography, 54.5 sq. mi 1,561.88 496.86 

Investigation of Central Ore. Irr. Co. system — 

East Side unit 453.40 174.55 

Diversion Site Topography — 

Anbrey PaUs 161.55 13.50 

inversion Site Borings 552.34 1,074.11 

Topography and Surveys, Crane Prairie Beservoir site . . 1,106.20 556.91 

Borings and Test Pits, Crane Prairie Beservoir site.. 471.89 836.22 

Computations, estimates and publication 1,780.14 4^209.16 

$14,556.71 $17,187.36 

In addition to the above expenditures, there is also an investment 
by the United States, for equipment amounting to $5,188.30. 
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Details of Cost. 

Paid by Paid by 

United States. Oregon. 
Stream Gaging. 

Servioes, special work, by U. S. Geological Survey $1,307.92 

Office computations 152.90 

$1,460.82 
Dam Site Topography, Benham Falls. 

General engineering and administration $ 215.75 $ 35.75 

Services, field work 280.85 130.94 

Services, office 275.70 36.39 | 

Supplies 15.88 I 

Equipment depreciation 6.80 ; 

Preparatory charges 34.90 38.79 i 

$ 814.00 $ 257.75 

Borings and Test Pits at Dam Site, Benham Falls. | 

General engineering and administration $1,245.86 $ 373.24 

Diamond drill, labor 616.85 1,385.86 i 

Diamond drill, supplies 39.48 127.04 I 

Diamond drill equipment, depreciation and carbon loss. . 225.40 

Calyx drill, labor 331.62 572.50 | 

Calyx drill supplies 7.43 loO.Sl j 

Calyx drill equipment depreciation 182.25 | 

Teams and teamsters 57.70 615.83 

Camp maintenance .90 37.70 

Establishing and moving camp 64.81 221.50 i 

Cost of scow •. 2.15 114.60 

Preparatory charges 114.85 256.60 ! 

Erecting and moving calyx drill 187.48 99.30 i 

Erecting and moving diamond drill 177.10 73.81 

$3,253.88 $4,028.79 
Oanal Line InTestlgatlons. 

General engineering and administration $1,236.38 $ 278.76 

Services, field 1,461.59 1,5*8.20 

Services, office 832.63 344.25 

Supplies 67.86 120.32 I 

Teams and teamsters 75.10 1,111.62 I 

Camp maintenance 14.50 3 09.19 ; 

Equipment depreciation 137.25 

Establishing and moving camp 190.00 338.51 I 

Preparatory charges 33.84 86.40 I 

Test pits 352.28 101.44 j 

$4,401.43 $4,078.69 | 
Irrigable Land InTestlgatlons. 

General engineering and administration $ 363.18 $ 39.24 

Services, field 779.84 301.80 

Services, office 327.20 

Supplies 76.31 15.25 

Teams 5.00 

Camp maintenance 3.50 

Equipment depreciation 11.85 

Establishing and moving camp 4.55 

Travel expense 39.74 

Soil and agricultural investigation 91.2S 

$1,661.88 $ 496.86 
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Details of Oort (Oontinaec 



Innrtlgatloii Oentoal Oregoii Iidgatloii Oo.'s Oftnal 
RjiMm— Sast aida TXalL 
General engineering uid adminiatrfttioii 

Thvel 



DiTtnkn Site Topogn^iT — Antoer Falla. 
Gtceta] engineering and KdministTAtiOli. ■ . 

Servieee 



Camp uaintenanee 

Equipment depreciation . 
Preparatory ehargea . . . . 



SodngB and Teat rUa—^Aatmr FbUb DiT«nion Bite. 
Qeaeral engineeriDg and adminiatration 

Supplies 

Equipment depreciation 

Teams and teamHtera 

EstablisIiiDg and moving eam.p 

Cunp maintenance 

Preparatory charges 

Erecting and moving drUl 
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General engineering and adnrinistration 

Services 

Suppliea 

Teams and teamsters 

Camp maintenance and establishing 

Eqaipment depreciation 

Preparatory charges 



kirlsgs «nd Teat Pita, Oimat Fntftle Beserrolt Site. 
General engineering and administration 

Supplies 

Eqaipment depreeiatioD 

Teams and beamstera 

EetabUshing and moving camp 

Camp maintenance 

Preparatory charges 

Erecting and moving drill 

Sinking ahaft 



JunpntsLttons, Estimates, Prepaiatton of Data and Di 
Ings, Mid Pnhllcatloii of Boport. 

General engineering and administration 

Services 

Supplies 

Printing 

Photography 
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